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CLIMATE CHANGE 

Discovery of Till Deposition at the Grounding Line of Whillans Ice Stream 

5, Anandakrishnan, G. A. Catania, R. B. Alley, H. J. Horgan 

Sediments have been accumulating beneath a major Antarctic ice stream where it 

begins to float over water, implying thatthe glacier is extensively eroding is be. 
10.1126iscience.1138393 


CLIMATE CHANGE 
Effect of Sedimentation on Ice-Sheet Grounding-Line Stability 
R.B.Alley,S. Anandakrishnan, T. K. Dupont, BR. Parizek, D. Pollord 
‘Accumulation of sediments where glaciers begin to loa stabilizes them against 
changes in sea level, implying that changes in temperature, not sea level, have 
ctven past melting 

10,1126/cience.113839% 


CONTENTS fe 


IMMUNOLOGY 

Asymmetric T lymphocyte Divisio 

Adaptive Immune Responses 

J.T. Chang et al. 

Upon antigen binding, immune cells generate pathogen-fighting cel rom daughters 

arising close tothe antigen and memory cel from daughters anay from it 
10.1126/science.1139393 


in the Initiation of, 


MEDICINE 

CREB-Binding Protein Modulates Repeat Instability in a 

Drosophila Model for PolyQ Disease 

J. Jung and N, Bonini 

Transgenic fruit es show many features of a human triplet repeat disease, including 

‘expansion of the repeats, and thus can provide cues for therapeutic intervention. 
10.1126\science,1139517 


TECHNICAL COMMENT ABSTRACTS 


PSYCHOLOGY 
Comment on “Detecting Awareness in the 1221 
Vegetative State” 

P. Nachev and M. Husain 


Comment on “Detecting Awareness in the Vegetative State” 
D.L, Greenberg 


Response to Comments on "Detecting Awareness in the 
Vegetative State” 
A.M, Owen etal 
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GEOCHEMISTRY 
Was There Really an Archean Phosphate Crisis? 1234 
K.0. Konhauser, 5, ¥. Lalonde, L. Amskold, H. 0. Holland 
High stica concentrations in Archean oceans may have prevented 
iron oxynydroxides from depleting the oceans of nutritionally 
‘essential phosphate, as had beea thought. 


RESEARCH ARTICLES 


ATMOSPHERIC SCIENCE 
Hurricane Intensity and Eyewall Replacement 
R.A Houze jr. et al 

Aircraft observations of Hurricane Rita show that dowrmard winds 
‘ouside the eye wall led to is replacement by a new outer eye wall, 
causing cyclic strengthening ofthe storm, 


1235 


ARCHAEOLOGY 
Chankillo: A 2300-Year-Old Solar Observatory in 
Coastal Peru 

1. Ghezzi and C. Ruggles 

Stone towers built on ahill in a 2300-year-old Peruvian temple 
imply that careful observations of the Sun were made in the 
New World long before the Inca civilization. 
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NEUROSCIENCE 
Human Neuroblasts Migrate to the Olfactory Bulb 

via a Lateral Ventricular Extension 

MLA Curtis etal 

Asin rodents, adult human neurons born along the fuid-illed 
ventricles in the brain migrate to the olfactory bulb along a 
tubebe extension ofthe ventric 
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REPORTS iMMUNOLOG 
cEMesTRY Multiple Functions of the IKK-Related Kinase IKKe 1274 
Predictions of the Properties of Water from in Interferon-Mediated Antiviral Immunity 


First Principles BR. tenOever et al. 
R. Bukowski etal AA kinase activated in response to viral infection unexpectedly acts 
factor for antiviral genes. 


Apurely quant 
predicts many features of water in forms ranging f 
pair of molecules t 


n mechanical potential energy function accurately 
nan isolate 


GENETIC 
the bute tquid LRP6 Mutation in a Family with Early Coronary 1278 
Disease and Metabolic Risk Factors 


PHYSICS p 
The Focusing of Electron Flow and a Veselago Lens A. Mani et 2 
in Graphene p-n Junctions A mutation in ake signating pathmay causes beth coronary artery 


Aisease and a metabolic sy 
are often associated with one anathe: 


VV. Cheianoy, V. Fal’ko, B, L Altsh rome, explaining why these disorders 


Balancing the densities of elections and holes across a graphene 


based junction can focusan electric current, potentially leading to BIOCHEMISTRY 
electronic lenses and electron beam-splitters Emulating Membrane Protein Evolution by 1282 
PALEONTOLOGY Rational Design 


M. Rapp, S. Seppaié, 


E. Granseth, G. von Heline 


Halwaxiids and the Early Evolution of 
the Lophotrochozoans 
5. Conway Morris and J.-B, Caron 


Stepwise modifications toa drug efflux pump show how the bacterial 


dimeric pump may have evolved through duplication and inversion of 


‘Amie species from the Burgess Shale unites two enigmatic groups an ancestral protein domain. 


he early evolution of bilateria an 


important es that mollusks EPIDEMIOLOGY 
diverged early inthe Cambrian, Local Interactions Select for Lower 1284 
ATMOSPHERIC SCIENCE Pathogen Infectivity 

Rethinking Organic Aerosols: Semivolatile 259 Mi. Boots and M. Mealor 


nd Photochemical Aging Among caterpillars harboring a virus, the least mobile individuals 


afective viruses, confirming a basic hypothesis 


Emissions 
AL. Robinson et al fees elas 
Organic aerosols, thought tobe unmodified trom about disease transmission. 


instead typically evolve through a cycle of evaporation, ox 
{and reformation in urban atmospheres. 


NEUROSCIENCE 
‘Anti-Hebbian Long-Term Potentiation in the 
Hippocampal Feedback Inhibitory Circuit 

K.P. Lamsa et al 

Inn unusual form of plasticity, certain synapses 
are strengthened if presynaptic activity occurs while the postsynaptic 
cell is at rest or hyperpotarize 


NEUROSCIENCE 
Nucleus Accumbens 02/3 Receptors Predict 

Trait Impulsivity and Cocaine Reinforcement 

J. W. Dalley et al 

Rats that tend to abuse cocaine have lower dopamine receptor 
availability even before drug exposure, suggesting that this trait 
ispreexistng and nota result of drug abuse. 


CELL BIOLOGY 
Reconstitution of DNA Segregation Driven by 
Assembly of a Prokaryotic Actin Homolog 

E.C Garner, C. 5. Compbell,D. 8. Weibel, R. D. Mullin 
DNA movement during prokaryotic cell division can be reconstituted 
ina cel-ree ystem by an actin-like protein and a DNA binding 
protein, which form a bipolar spindle 
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Anti-HIV Strategy Backfires in Botswana 
Sitch from breast-feeding to infant formula leads to 
pathogen outbreak, 

Fish Mix-Up Complicates Conservation Efforts 
Mysterious spearfish may be inflating numbess of 


threatened white martin population 
Evolution: It Does a Body Good 


‘Study of ancient skeletons reveals ability to digest milk 


arose relatively recently 


Common network motifs. 


SCIENCE'S STKE 


wrw.sthe.org 
SIGNAL TRANSDUCTION KNOWLEDGE ENVIRONMENT 


PERSPECTIVE: Book Review—Understandable 
Complexity 

J. Stelling 

The book “An Introduction to Systems Biology” otters a look 
atthe design principles of biological control circuits. 
FORUM 

‘Share your thoughts in the “Open Discussion of Modeling 
and Computational Approaches to Cellular Signaling.” 


The big jump to independence. 
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MMISCINET: Priming the Mind 
P Shulman 

Grad student Lawrence Williams studies factors wearen't aware of 
‘that influence thoughts and decisions 


‘GLOBAL: Mind Matters—Making the Leap to Independence 
1S. levine 

‘Scientists need a mix of science and business skis, plus the right 
attitude to start up their own abs. 


US: A “Hippocratic Oath” for Scientists? 

BL Benderly 

Ethical commitments could improve the practice of science and the 
‘reatment of early-career scientists 


GRANTSNET: March 2007 Funding News 

GrantsNet Staff 

team about the latest research funding opportunities, scholarships, 
fellowships, and internships. 


|SCIENCEPODCAST. 


‘microview of neuroanatomy 

‘is spurting new insights on, 
brain evolution, the human and 
environmental consequences of 


Listen to the 2 March Science 
Podcast to hear about how a 


regional nuclear con 
other stories. 
wo. scencemag oryaboutpodcast 


its, and 
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<<Bring Some Order 
to an Explosion 


The Lophotrochozoa, which comprise mollusks, worms, 
brachiopods, bryazoans, and several other animals, 
played a large role in the Cambrian explosion. Their ori- 
gins and early relations are uncertain, but bear on the 
pace and magnitude of Cambrian evolution, and a key 
issue has been the origin of several enigmatic tophotro- 
chozoans from the Burgess Shale, principally the 
halkieriids and wiwaxiids. Conway Morris and Caron 
(p. 1255) describe several examples of a new fossil 
species from the Burgess Shale that seems to unite these 
two groups and implies an early evolution of mollusks. 


Insights into 
Hurricane Intensity 


Predicting how a hutricane’s intensity will 
change duing its lifetime fs challenging, in part 
because of difficulties in forecasting how the 
internal structure of the storm will evolve 
Houze et a. (p. 1235; see the Perspective by 
Willoughby) examine a key component of that 
process, “eyewall replacement.” They document 
in great detail the eyewall-replacement cycle in 
Hurricane Rita using high-resolution airborne 
radar observations of 
wind speed as well as 
temperature, humid 
ity, and pressure 
data, and develop a 
conceptual model for 
this process. They 
also suggest how 

obtaining specific 
data on small-scale 
structure of 
hurricanes could improve forecasting of 
intensity changes. 


Water from the Ground Up 
The simple structure of the water molecule belies 
the extreme complexity of the interactions 
responsible for the properties of the bulk liquid. 
In general, theoretical analysis of iquid water 
relies on potential energy functions derived at 
least in part from experimentally measured 
parameters, Bukowski et al. (p. 1249; see the 
Perspective by Stone) present a water potential 
function derived purely from quantum-mechani- 
cal inleraction forces, with no experimental 
inputs. Using this function, they calculate the 
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absorption spectrum of the water dimer to high 
accuracy, and also reproduce the radial distribu 
tion functions and thermodynamic properties of 
the bulk liquid relatively wel 


Electrons in Sharper Focus 


The fabrication of metamaterials that give rise to 
negative refractive index for electromagnetic 
radiation has been used to image objects smaller 
than the conventional diffraction limit, and such 
‘materials hold the promise of creating the “per 
fect lens" that 
could achieve 
extremely fine 
focusing 
Cheianov et 
at. (p. 1252 
see the Per 
spective by 
Pendry) carry 
over the pring: 
ple of the per 
fect lens and negative refraction to electron flow. 
They show theoretically that a graphene sheet, 
which makes electrical contacts such that one 
side is p-type and the other n-type, should be 
able to focus the flow of electrons as they pass 
through the pn junction. They argue that such 
an effect could lead to novel applications in 
electron optics such as electron-beam splitters 
and lenses. 


Towers to Track the Sun 

Both archaeological sites and ten and spoken 
records document thatthe Incas were making 
careful solar observations about 500 years ago, 
but evidence for earlier observational activity 


has been difficult to obtain, Ghezzi and Ruggles 
(p. 1239; see the news story by Mann) now 
describe a series of 13 stone towers that date to 
2400 years ago that are arrayed north-south 
along a hill n the center of a temple complex in 
coastal Peru, and show that these towers marked 
the annual rising and setting arcs of the Sun and 
served as a calendar accurate toa few days. 

Thus, these towers and the surrounding temple 
evidently served as an early solar observatory. 


Organic Aerosol Evolution 


The abundance and chemical nature of most 
urban organic aerosols have been thought to be 
primary in nature—that is, determined at their 
Sources—and essentially static, Robinson et al. 
(p. 1259) combine observations and models to 
show that the life histories of organic aerosols 
are much more complex, and that large numbers 
of those particles have gone through a cycle of 
evaporation, photooxidation, and recondensa: 
tion, Thus, existing theories of organic aerosol 
distributions, while in many cases match obser 
vations fairly wel, may often be getting the right 
ansivers fortuitously. This improved understand 
ing of organic aerosol behavior could lead to 
important changes in the ways that they are 
measured and emissions are regulated. 


Rejuvenating the 
Human Sense of Smell 


Active neurogenesis from neural progenitors 
continues throughout life in discrete regions of 
the central nervous system of most mammals. 
However, human adult neurogenesis s still a 
Continued on page 1191 


1189 


This Week in Science 


AAAS Travels 


Continued from page 1189 
contentious issue. Signs of adult neurogenesis have been reported in the hippocampus, but a second 
neurogenic niche described in rodents has not been found in recent human studies. Now, however, 
Using multiple techniques, Curtis et af. (p. 1243, published online 15 February; see the cover) not 
only describe this missing rostral migratory stream in great detail but also show that itis organized 
around a tubular extension of the lateral ventricle that reaches into the olfactory bulb. 


Prokaryotic DNA Segregation 

The prokaryotic actin-like protein ParM is dynamically unstable and is thought to play a role in DNA 
segregation, Garner et al. (p. 1270) describe the complete reconstitution of DNA segregation in vitro 
using purified components. ParM, together with DNA and a DNA-binding protein, generate a bipolar 
Spindle that can promote the directional movement of DNA and can explain in vivo DNA movements. 
Thus, a dynamic filament protein can mediate DNA movement in prokaryotes 


The Heart of Metabolic Syndrome? 

Patients with coronary artery disease (CAD) often have accompanying hypertension, diabetes, and 
aberrant levels of cholesterol and triglycerides This diverse group of risk factors i collectively known 
as “metabolic syndrome,” but the underlying molecular mechanisms that link these disorders are still 
poorly understood. Mani et al. (p. 1278), have now identified the causative mutation ina family 
afflicted with a rare, inherited form of early-onset CAD that cosegregates with many features of meta 


bolic syndrome. The culprit gene encodes low-density lipoprotein receptor-related protein 6 (LRP6), a 
co-receptor in the Wot cellular signaling pathway. 


Drugs, Dopamine, and 
Disposition 

Individual differences in drug abuse reflect distinct 
behavioral and physiological traits. Dalley et al. 
(p. 1267) found that, compared to controls, sponta- 
neously impulsive rats had decreased dopamine 02/3 
receptors in the nucleus accumbens even belore 
exposure to cocaine. Trait impulsivity in rats was pre 


dictive of subsequent high rates of intravenous 
cocaine self-administration. impulsivity is thus an 
important mediator of drug abuse vulnerability and 
not a consequence of chronic drug exposure. 


Reconstituting Transport Proteins 

The few available crystal structures of membrane-transport proteins generally reveal internal sym 
metry, ether about an axis perpendicular to the membrane o, somewhat more suprisingly, about 
an axis within the plane of the membrane. Transporters in the first class contain two structurally sim 
ilar domains that exhibit the same membrane topology, whch yields an even (2n) number of mem 
brane-spanning helices, whereas those in the second clas have oppositely oriented domains and an 
odd (2n+1) number of helices. By making stepwise modifications to the bacterial drug efflux pump 
Env, Rapp et al. (p. 1282, published online 25 January; see the Perspective by Poolman et al.) 
show how a functional dimer might evolve from a monomer (containing n hetices) that can have 
either membrane topology. 


Local Affects on Virulence 

For public health purposes, controlling infectious diseases requires a clear idea of the processes that 
select parasite infectivity and virulence. One key assumption is that parasites that are circulating 
{ocalyin slowly mixing populations wil evolve to be less infective and virulent. The converse is that 
as the host parasite world becomes more connected and populations more mixed, more dangerous 
parasite strains will be selected. Boots and Mealor (p. 1284; see the Perspective by Buckling) test 
the frst assumption in an easily manipulated system using a virus that infects caterpillars and verify 
that the host populations least able to move harbor the least infective strains of virus. 
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Animal Health Research 


TODAY'S INTIMATE AND RAPID GLOBAL INTERCONNECTIONS MEAN THAT UNCONTROLLED 
infectious diseases in one part of the world threaten animal and public health everywhere. The 
‘200d news is that animal health sciences are technologically better equipped than ever before for 
detecting new disease outbreaks almost in real time, The bad news is that despite this, there isa 
daunting gap in converting these into effective actions and policies, particularly in 
developing countries. What can be done to remedy this lack of cohesion? 

Some problems and possible solutions were recently discussed at a conference held in 
Hinxton, United Kingdom,* Experts in animal health research and policy-makers from high- 
and low-income countries reviewed developments and challenges in the field, including vaccin 
design, the analysis of host responses to infection, and disease transmission from wild and 
domestic animals to humans. There is much to laud, New approaches 
underlie recent progress, including genome-based vaccine discovery 
for treating Anaplasma and post-genomic selection for vaccine 
response in chickens, We can also predict the size of outbreaks of 
‘emerging pathogens on the basis of their reproductive ratio. Even 
economic losses from livestock deaths may be prevented by a 
detailed understanding of the cyclical transmission of pathogens, 

(such as African Trypanosoma) at the livestock wildlife interface. 

Nevertheless, the conference revealed a growing divide between 
knowledge and application. Many strategies to detect and control 
disease are adequate in industrialized countries but not transferable 10 
developing countries, namely sub-Saharan Africa, These countries 
‘often lack trained personne! and infrastructure (such as labs with water and electricity) and thus 
have no basie diagnostic and surveillance capacity. This includes zenome-based surveillance for 
avian influenza, which is encroaching on the industrialized and developing world. Control 
strategies cannot be transferred because of insufficient funds to compensate farmers for culled 
stock. These deficiencies have resulted in the emergence and reemengence of infectious diseases 
inthe developing world, 

‘Could this frustrating gap be bridged through improved public engagement? As discussed at 
Hinxton, programs suchas the National Centre of Competenc 
brings together research institutions in Europe, Africa, Asia, and America, indicate that public 
participation is key for effective interplay among international scientists, local and national 
authorities, and populations confronted with animal diseases, This program, among others, has 
shown that by connecting these entities, long-term North-South and South-South partnerships 
‘can surpass results achieved by any institution alone. Scientists can also be effective advocates 
for private and public investment in the control of disease transmission [take the scientists who 
motivated a private donor to invest in the control of steeping sickness (trypanosomiasis) in 
Uganda). But animal health researchers should also consider new ways of knowledge-brokering 
to promote evidence-based policy-making. The Regional East African Community Health 
Policy Initiative of Kenya, Uganda, and Tanzania is one example of how scientists and pol 
makers can establish priorities for research and interventions through a cyclical process of 
negotiation. Moreover, periodic communication of research findings by scientists to local 
‘communities leads to a more integrated research process, assuring its validity and social relevane 
ina given context. Just such a public engagement approach led the Chad government to propos 
new policy for providing social services to nomadic pastoralist populations, including education, 
health, animal health, food security. and water. 

Although there és no doubt that progress in animal health research must continue, it must also 
respond to societal needsand lead to solutions that can be delivered quickly. When science engaawes 
more With society, neither time nor resources are sacrificed. We can't afford to lose either, 

~Jakob Zinsstag 


10.1126/science.1141278 


“The Welcome Trust and Science hased the conference rial Wealth Research: Recent Developments and Future Directions” 
in ator, UK, from 28 to 26 January 2007. 
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To Splice or Be Spliced? 


Spinal muscular atrophy (SMA) is an inherited disease charac- 
terized by the selective death of motor neurons, resulting in 
generalized muscle weakness that is often fatal in infancy or 
early childhood. SMA is caused by deletions or mutations in the 
gene encoding survival motor neuron 1 protein (SMN1), whose 
function is unclear. SMN1 contributes to the assembly of the 
pre-mRNA splicing machinery, and loss of SMN1 has been 
hypothesized to cause disease through disruption of mRNA splic 
ing. However, this cannot readily explain the selective effect of 


‘SMN1 Loss on motor neurons. 


{An intriguing clue to this selectivity és provided by Setola et al., who 
identify a truncated form of SMN1 that arises from an alternative spliced 
SMN2 transcript that is preferentially expressed in the axonal projections of 


developing motor neurons. Forced expression of this SMN1 variant in cultured non 
neuronal cells induces the formation of neurite-like extensions, a change in cell shape reminiscent of that occurring when 
motor neurons send out axons to their muscle targets. Whether this new variant of SMN1 affects axonal growth in vivo and 
plays a causal role in SMA remains to be investigated. — PAK 


BIOPHYSICS 
Diffusion Flashing into View 


urements with microsecor 
tion have offered substantial insight into the fold: 


kinetic me 


ing mechanisms of proteins. However, before the 


folding event, protein chains undergo diffusional 
motion on a time scale of tens of nanosecond: 
that has proven challenging to probe. This time 


window is of particular interest because of its 
ady accessibility to theory. Nettels etal, have 
Used single-molecule spectrosc 


py to solve the 


nanosecond dynamics of unfolded cold-sh 


1ock pro 


in rom Thermotoga maritima. They labele 
protein’ ends with fluorophore 


and the 


detected changes in the chain geometries throug) 
shifts in the emitted photon statistics duet 
gy transfer. By comparing 
the resulting autocorrelation functions with model 
calculations, they could extrac iff 
cients and reconfiguration times, which in turn 


Forster resonance ene 


jon coeffi 


contribute toa quantitative picture of the free 
energy landscape. A significant (fivel 
decrease in the diffusion coefficient was obs 
‘on chain collapse, a pre-folded state induced by 
lowering the concentration of denaturant. —JSY 
Proc. Natl, Acod, Sci. UA. 104, 2655 (2007). 


SeoLosy 
Superplume in Silico 


Rising beneath South Africa from the b 
Earth’s mantle isa giant plume of hot material: 

the African superplume, This feature has distinct 
edges and rises buoyantly like a plume of smoke 
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Neurisé topmigtion id 


I cells 


Proc. Noll. Acod. Sc. USA, 104, 1959 (2007) 


from the cor 
height of 1500 km beneath 
mons et al. have constructed a theoretical model 


/mantle boundary, reaching a 


he continent. Sim 


of the African superplume incorporating seismic 


observations, motions of the overlying tectonic 


plates, and the elongated shape of the core/man 


tle boundary, as 


as detailed mineral physics 


They find that temperature effects can reproduce 
most of the plume's properties, but there remain 
some anomalies that must be due instead to 
chemical differences. Notably, a denser material 
Alves 
| _ — 
01 4013 405 


&— chemical (%) 


3D Model of the African superplume. 


seems to lie in the mid-mantle region of the 
pl 


1000 km above the core/mantle bound: 
the 
is highest. Thus, this density anomaly counteracts 
the density drop that the heat 


which is also the site wher 


produce. This anomaly may be the remnant of a 


8 


Geophys. Res, Lett. 33, 10-1029/2006GL028009 


(2007) 


MOLECULAR 


ovocy 


Reading Chromatin Signatures 


Regulated gene expression requires a highly 
fembly and disassembly of 
transcription factors to segments of DNA. Th 
process must occur both near gene promoters 
nt 
upstream or downstream of the gene being 
netic features also 
tran 


choreographed a: 


and at enhancers, which can be pre 


expressed. Specific epig 
mark the degree of activity oft 


ribing 
Unit. Genes that are being actively transcribed 
generally contain nucleosomes with acetylated 
histone proteins, H3 and H4, as well as methy 
lated H3; in contrast, ONA segments with inac 
expression normally have deacetylated 

histones. Heintzman etal. used a combination 


of chromatin immunoprecipitation and 
microarray analysis to map histone modifica: 
tions, transcription-factor binding, and nuc 
some density within 30 Mb of the human 
genome. The study revealed that active human 
promoters were nucleosome-depleted. Further 
more, these promoters also showed enrichment 
of trimethylation of Lys* of histone H3 (H3K4), 
hereas the enhancers showed enrichment of 


monomethylated H3K4, 
The authors went on to incorporate these 

distinct promoter and enhancer chromatin sig 

s into a computational algorithm. Analy 


sis with this model allowed them to successfully 
predict the identities of several hundred pro: 
moters and enhancers of other genes in the 
30-Mb region. — BAP 

Nat. Genet. 39, 10.1038/91966 (2007) 
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cuimare science 
Overturning Ocean Circulation 


Ithas been suggested that Atlantic meridional 
overturning circulation (MOC; the northward 
flow of water in the upper kilometer of the 
north Atlantic Ocean and southward flow below) 
could be affected by global warming, in turn 
substantially affecting the climate of the North 
cen Hemisphere, particularly in Europe. Obser 
vations of the strength of the circulation, taken 
over ~1-month periods in different seasons of 
each of the years 1957, 1981, 1992, 1998, and 
2004, have been used to argue that the MOC 
has slowed by about 30% over that interval. 
Searl et al. have now analyzed simulations of 
the MOC from the HadCM3 climate modet and 
found no significant trend in the strength of the 
MOC over the period in question. Furthermore 
variations in the MOC as large as 30% were 
very unusual. 

The discrepancy between the model and 
measurements may be due not to inherent timi 
tations of the model, but rather to the small 
‘number of observations, short-term variability 
of the MOC, and measurement errors, which 
together inhibit accurate estimates of multi 
ddecadal trends from the data. Indeed, after tak 
ing all such factors into account, the HadCM3, 
results are fully consistent with the observa 

tions. To determine with confidence how the 

‘MOC may be changing on interannual and sea 

sonal time scales in the warming world, contin 


www.stke.org 


‘one component of QMP, homovanillyl alcohol (4-hydroxy-3-methoxyphenylethanol or HVA) has 3 
chemical structure similar to that of the neurotransmitter dopamine. The authors therefore tested 
the effects ofthe pheromone on dopaminergic function in worker bees. Exposure of newly emerged 
adult bees to QMP for 2 days decreased the amount of mRNA transcript encoding one of the bee's 


EDITORS’CHOICE 


‘uous monitoring of water transport appears to 
be needed. —H]S 
Geophys. Res. Lett. 34, 103610 (2007), 


PLANT BIOLOGY 
Cell Fate and Gametes 


Most eukaryotes including plants, form female 
{gametes or eggs. In Arabidopsis thaliana, the egg 
{is formed from a haploid spore that undergoes 
multiple division cycles to create a structure known 
a5 a gametophyte that contains eight nucle in 
four different cell types, including the egg. By 
examining eog-specific mutants, Gross Hardt etal 
were able to identify a gene, LACHESIS (US), that 
controts cell fate in €09 
development, inde 
pendent of other game 
tophyftic tissues. In het 
erozygote plants lack 
ing one functional copy 
of US, 50% of the 
resulting gametophytes are malformed with mult 
ple eggs, suagesting that L/S functions in the 
developmental specification ofthe egg. Further 
more, these eggs derive from a specific gameto 
phytic cel type. the accessory cell, which forms 
‘next to the egg, potentially acting as a reserve in 
ase of reproductive failure. LIS encodes a WD40 
‘repeat protein homologous toa yeast splicing fac 
tor, which suggests that some aspects of cel fate 
‘may be controlled by the spliceosome. — LMZ 
PLoS Biol, § e47 (2007), 


Wild-type set of seeds. 


<< The Queen of Dopamine 


The queen bee controls the physiology and behavior of her fellow bees, 
and essentially determines the workings ofthe entire society of insects. 
The queen exerts this influence by producing a cocktail of pheromones 
known as queen mandibular pheromone (QMP), but it has not been 
clear just how the mixture produces its effects. Beggs et ol. noted that 


dopamine receptors, Cultured neurons from the bees’ mush 
room body normally respond to dopamine with an increase 
in production of cAMP (adenosine 3'-5’monophosphate), 
but neurons taken from bees exposed to QMP showed a small 
decrease in the production of cAMP. HVA produced responses 
similar to those evoked by dopamine. Total amounts of 
‘dopamine in the brain were reduced in bees exposed to HVA 
for 2 days. Thus, the HVA in the OMP mixture may interact 
directly with dopamine receptors in the bee nervous system, 
perhaps decreasing the expression of dopamine receptors 

and thus altering the response of the neurons to endoge- 
‘Queen bee surrounded by workers. nous dopamine. — LBR 


Proc. Natl Acad. Sci US.A 104, 2460 (2007). 
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ChemBridge’s 
GPCR Library 


In-house Validation: 
Targeted Library vs. 
Diverse Library 


cree 


Melanocortin-4 Cell-Based Agonist 


‘Screening Experimental Result 
GPCR Rents: Diverse Control: 

20a stenerg BAN ‘Swoak hits 
10,000 compounds —_*10,000 compounds 

randomly selected from a similar 

from the ChemBridge —‘controt' diversity, 

GPCR targeted library screened 

Worary screened under identical 

‘at 100M conditions 
GPCR Library Properties: 


= Comprised of >10 unpublished ‘preferred 
templates’ mimicking beta-turns, and 
using in-house building blocks, 
‘culminating from a four year RAD ettort 
* Over 15,000 drug-like, highly pure, small 
‘molecule compounds 

= Successful identification of both agonists 
‘and antagonists 

= Drug discovery advancements by several 
Independent laboratories 
Designed to enable rapid hit-to-lead 
‘optimization with quick follow-up in 
‘medicinal chemistry services 


Client Statement 

“We are very pleased with the quality of the 
(ChemBridge GPCR-focused library, 
particularly since the library helped us to 
resurrect several projects that we had 
previously dropped due to lack of leads.” 
Jeremy Caldwell, Ph.D. 

Director of Molecular and Cellular Biology 
Genomics Institute of the 

Novartis Research Foundation 
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ETS Spies Literacy Trouble Ahead 


Literacy in the US worklorceis 
eroding and wil continue to do so at 
least through 2030, according to the 
Educational Testing Service (TS) in 
a gloomy report issued last month. 

The economy is becoming more 
knowledge intensive—only about 
10% is now manufacturing-based 
compared with one-third in 1950. 
But workers are getting less liter a a ei 
aate—defined by the National Adult ae ieee arden 
Literacy Survey (NALS), in par, as “using [English] printed and writen information to 
{unction in society,” The uneducated immigrant population is growing: Hispanics, who have 
the lowest high school graduation rate (50%6) of any group, wll go from 14% of the popula 
tion to 20% in 2030. And according to U.S. Census projections, 60% of the Hispanic working 
population is expected to remain foreign-born, says ETS's Kentaro Yamamoto 

Hopeful trends are hard to find, says the report. High school graduation rates for 
both Hispanics and African Americans peaked in 1969. And college attendance among 
these minorities has been “stagnant” for more than a decade. ETS labels the confluence of 
economic and demographic factors “a perfect storm [which] continues to gain strength with 
no end in sight.” 


Nuclear Hazard Has a 
New Face 


AMter a 5:year, $200,000 search, the 
International Atomic Energy Agency (IAEA) 
in Vienna, Austria, has picked a red tri 
angle showing a person fleeing fram 
skull and bones while being show 
ered with wobbly rays. 

‘Anew symbol was needed, says 
Carolyn MacKenzie, an IAEA radia 
tion source specialist, because no one gets 
the yellow trefoil anymore, She says tests in 


11 countries found that “people 
do not know what the trefoil 
stands for.” The old symbol 

will remain on containers 
nd the entrances to 
radiation facilites. But 
the new one will go 

‘on dangerous items 

the public is 
commonly 
exposed to, such 
5 food irradiators, radiation sources for can 
cer treatment, and x-ray units 


The Nano Beat >> 


This new series of podcasts from the Exploratorium in San 

Francisco, California, is definitely for the small-minded. 
Small Talk offers monthly programs on the present and promise of nan. 
‘technology for a general audience. Hosted by a physicist and a science 
writer, the shows feature conversations with scientists, artists, and other 
nano nabobs. 

‘Already on the record is IBM researcher Donald Eigles, who in 1989 
became the first person to manipulate individual atoms, arranging them 
to spell out “IBM.” And chemist james Tour of Rice University in Houston, 
Texas, chats about the nanocars (right) and other minute vehicles his team 
hhas designed. No wider than a strand of DNA, the machines might be able 
to truck around atoms during, for example, the manufacture of computer 
chips. The podcasts will run at least through May, with future programs 
delving into nanotech products already on the market, nanomedicine, and 
other topics. >> view nisenet.org/publicbeta/podcasts 
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Whale Sensing 


Research on cosmic neutrinos has led to 
the discovery of a sperm whale hot spot 
in the Mediterranean. 

The italian National Institute of Nuclear 
Physics plans to build a giant neutrino detector, 
‘alled NEMO, 3500 meters deep off the coast of 
Catania, Sicily. Ordinary detectors look for the 
elusive Cerenkov tight signature, But in 2005, 
Italian physicists decided to test a new method: 
acoustic sensing, They deployed an array of 
four sensors off Sicily to see whether background 
noise is low enough 
toallow for 
acoustic detection 

As ithappens, 
sound frequencies 
of interest for new 
tino detection 
‘overlap with those 
from sperm-whale 
and dolphin cals 
‘So marine biologists from the University of Pavia 
piggybacked a sea mammal-monitoring experi 
iment on the array. The ensuing log, which is still 
being analyzed by both biologists and physicists, 
indicates hundreds of sperm athale transits per 
year over an area of about 1000 square kilo 
meters—far more than have been supplied by 
visual sightings. Scientists are thrilled with the 
ren tool. Cruise-based missions provide data 
from only a small time window, points out 
Giuseppe Notarbartolo di Sciara ofthe conserva 
tion agency ACCOBAMS. "We still don’t know how 
many whales tive in the Mediterranean,” he say. 
"But listening posts like this would be great for 
monitoring their seasonal movements.” 
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RISING STARS 
UP AND UP. What began as an entry for 
a campus competition has earned Nathan 
Ball an innovation prize from the Lemelson 
Foundation and his start-up company a 
$120,000 contract from the U.S. Army. 
The 23-year-old 
graduate student at 
the Massachusetts 
Institute of 
Technology (NT) 
in Cambridge hopes 
JAM that his invention— 
a device that can 
rapidly raise heavy 
loads hundreds 
of meters above 
the ground—will 
help firefighters and first responders save 
more lives. 

More than 2 years ago, Ball and three 
MIT colleagues conceived of the “rope 
ascender,” in which a rotating spindle 
continuously pulls rope through the 
machine. In addition to its military and res 
ue applications, the device can be used to 
trim trees, wash windows, and assist recre- 
ational climbers. His 2-year-old company, 
Alas Devices, is now building prototypes 
for the Army. Last month, he won the 
$30,000 Lemelson-MIT Student Prize. 

Ball also hopes to inspire youngsters to 
follow his innovative spirit by co-hosting 
Design Squad, an engineering-based 


and Dou: 
Now the 6 


-ation in Evolution. 


Greg, who teaches learning 


curated. Seeing a case displayit 


I believe the whole thi 


ichers, could debut ase: 


reality show for preteens that debuted last 
‘month on PBS. 


POLITICS 
NOT OFFICIAL. George Taylor is the state cli- 
matologist of Oregon. Or is he? 

Since 1991, Taylor has headed the 
Oregon Climate Service, which is based at 
Oregon State University (OSU) in Corvallis 
In that capacity, he holds the title of "state 
climatologist.” But Taylor's opinion that 
humans are not the dominant cause of 
global warming has prompted a move by 


On Campus 


UNIFIED FIELD. Nine years after 
anthropologists at Stanford University 
split into two separate departments amid 
bitter infighting, university administra- 
tors want to reunite them. The unenvi 
able task of overseeing the merger— 
‘announced last month—has fallen upon 
James Ferguson, current chair of cultural 
and social anthropology. 


Allin the Family 


SYMBIOSIS. In 1989, Niles Eldre 
Natural History in New York City collabora 
to write a children’s book called The Fossil Factory 

year-old evolutionary biolos 


g to edit a new journal from Spring 


says his father has always been a “fa 


student was particularly impressed by the hand of a chimp. 
> the student excla 
The quarterly journal, which will feature articles by both biol 
ily as this fall 


EDITED BY YUDHIJIT BHATTACHARJEE 


of the American Museum of 
d with his sons Greg 


st is teaming up with 
titled Outreach and 


Father and son have benefited professionally from each other 
The Fossil Factory, Niles recalls, “my 
kids made it clear to me what kids could actually respond to. Now 
they're teachers and can tell me what teachers can respond to." 

disabled children in New York City 


lastic resource.” A favorite 


family story relates to a class visit to the 2005 Darwin exhibit Niles 
rious mammalian skeletons, one 


That's it 
med, 


Oregon Governor Ted Kulongoski to take 
away that ttle, 

Kulongoski—who has made reduction of 
greenhouse gases a priority—is concerned 
that the public will mistake Taylor's contrarian 
view on global warming as that of the govern 
ment, So last month, he asked OSU's prest- 
dent to change Taylor's tile to put an end to 
the confusion. OSU hasn't decided how it will 
respond, but one option may be to transfer 
the title to the head of a new climate change 
center on campus. The state climatologists of 
Virginia and Delaware are in a similar fix. 


A 


The 50-year-old department split in 1998 after cultural and biological anthropologists 
parted company on methodology, values, new hires, and the department's future (Science, 
20 June 1997, p. 1783). The fighting got so intense that a law school professor was brought 


in to run the department briefly. 


The reunification plan has come as a surprise to many faculty members, who would have 
liked a heads-up. “The two departments are further apart than ever,” says biological anthro- 
pologist Arthur Wolf. “I am very upset by this decision.” Ferguson says the merger was not his 
idea but that he's optimistic “things will turn out much better.” He's hoping that the faculty 
turnover that occurred during the estrangement will bring “a fresh attitude.” 
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CANCER RESEARCH 


Tight Budget Takes a Toll on 
U.S.—Funded Clinical Trials 


Cancer specialists are reeling from deep cuts 


now being made in clinical trials, including 


What they say is the first-ever request from 
the U.S. National € 
Bethesda, Maryland. to slash patient enroll- 


ncer Institute (NCD) in 


ment, They are anxiously waiting to learn in 
the coming weeks precisely haw 2007 fund: 
ing will be divvied up, But already amon; 


the 10 U.S. cooperative groups th 


large-scale cancer trials, many are imple- 
n NCI recomm 


mentiny pdation to trim 


their costs by 10% because of growing pres- 
sure on NCI’s budget, Roughly 95 tr 


at risk, and the number of open slots for 
patients is being reduced by 3000, 

Trials for children have been hit hard, 
accord 


g to pediatric oncologists. Over 
several decades, they have built up an effi- 
cient network to wring data from a relatively 
small number of patients. More than 50% of 


children with cancer enroll in a clinical tial 
pared with about 
ory Rei 


of adults, says 


Gr 
hea 


istand 


man. pediatric oncok 


of the Children’s Oncology Group 
(COG) that runs pediatric trials 

COG’s leaders expect to receive the 
next installment of their S-ye 
‘on 1 March, ats in the past, but Re 
still waiting to hear precisely how much 
they'll get. NCI officials have told him 
to expect about $24.9 million, down from 
$27 million last year 


“The sense is that 
things will continue te 


several years,” says Reaman, who has tar- 


geted 16 of 94 trials to be put on indefinite 
levels 


hold or to undergo cuts in enroltn 


‘We had to play Solomon and try to figure 
‘out which kids would we affect the least” says 
William Woods, a member of COG’s scien- 
tific council and president of the American 
Society of Pediatrie Hematology Oncolo; 
Affected studies included protocols for 


relapsed T-cell leukemia, the brain tumor 
medulloblastoma, the kidney cancer Wilms 
tumor, and a rare infantile sarcoma, 

NCI declined to make officia 
able for this story. Press officer Michael 
Miller said that the cooperative groups 


Shrinking Support for 
Pediatric Cancer Trials 


* Anticipated. 


up to them. In an Octo 
of the groups, h 


we ask th 
approxim: 
According 
the ( 


chair 


NCI’s 2007 b 
$4.8 billion, but it will have $4 


ARCH 2007 


YEAR 
2003 
2004 
2005 
2006 
2007 


¢ 10.28 


FUNDING (Smittion) 


$29.1 
$29.0 
$27.7 
$27.0 
"524.9 


di 
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‘prepare for various con- 
the details were left 
er 2006 letter sent 
wwever, NCI wrote, 
bmit a pl 
budget reduc 
10 Robert Comis, preside: 
on of Cancer C 
tive Groups, 9 of the 10 groups received 


held st 


dy at 
million 
more to spend than last year because 


won't have to contribute to the “common 
fund” of the National Institutes of Health, 
The institute will be determining the 2007 
budget for the cooperative groups and other 
NCI pro 
Miller. But no one is expecting good news. 
Although the groups are hoping that NCI's 
sli ¢ will stabilize funding at last 


ms in the next month, said 


year's level, "we have received no word 
from the NCI in this r 
un imple 


says Comis. 


-d, and in some 


nt 


Even though many trials are still mov= 
ing forward, they're really stripped down, 

says John Maris, a pediatric oncologist at 
Children’s Hospital of Philadelphia and 
head of COG's neuroblastoma comm) 
Maris is streamlining a study in high-risk 


neuroblastoma, eliminating plans to 
test blood levels of chemotherapy drugs. 
None of the neuroblastoma studies 
the 16 targeted by COG, But 
pediatric oncologist April Sorrell of the 
Cancer Institute of New Jersey in New 


Brunswick was “blindsided” to learn from 
COG in December that a leukemia trial that 
she'd spent n 


ore than 4 years developing 


along with 17 researchers wasn't 
ing to happen, The to enroll 


180 infants with Down syndrome who had 


developed a preleukemia disease. Sorrell 
planned to test whether low doses of 
chemotherapy could prevent cancer among 
these children, “It's the first study that 
we've been able to develop that is asking 
in high-risk 
I've been given very dis- 


Can we prevent leukemi: 
kids?” 
mal possibilities” about the likelihood of 
the trial launching in the near future. 

Rad st Jeff Michalski of 
Washington University School of Medicine 
in St. Louis, Missouri, learned last week 
that his medulloblastoma study would have 


to reduce its enrollment goal to 435 from 
600, Like some other COG trials impacted 
Michalski’s was 
designed to reduce the intensity of 1 


by the budget cuts, 


ment—in this case, radiation—to ease dev- 


astating long-term effects in cane 


vivors. “There is some concern,” he says, 
that with fewer patients, the study might not 
be able to detect whether lower radiation 
doses are appropriate for this cohort. 

COG isr 
ing cuts. 


he only clinical program fac- 
Another cooperative group.» 


ncemag.org 
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Cancer and Leukemia Group B (CALGB), 
has dropped or delayed roughly 12 trials, 
including programs in melanoma, which it 
has shut down. CALGB is also capping the 
number of lung tumor samples collected 
each month for its tissue bank, The E 
Cooperative Oncology Group, which 


stern 


PARTICLE PHYSICS 


, is dismantling its brain can- 
cer and sarcoma programs and del: 
activation of most phase IT studies by at 
east 3 months. The Gynecologic Oncology 
Group is putting on hold its collection of 
ovarian tumor samples. which normally 
number about 750 a year. 


Comis cha 


“Not in 
man of my group have we bee! 
plan for a substantial reduction in budget.” 
says Richard Schilsky, associate dean for 
clinical research at the University of 
Chicago in Mlinois and chair of CALGB, 
“JENNIFER COUZIN 


nost 13 years as the chair- 
asked to 


It's. bizarre turn.” 


Dreams Collide With Reality for International Experiment 


U.S, high-energy physicists are seram- 
bling to plug a hole in the long-ran 
of the U.S, Department of Energy (DOE) 
for their field after the department's top 
scientist warned them that they may have 
to wait years longer than they'd hoped for 


their dream machine, 

Three weeks ago, an international team 
released a design and cost estimate for the 
International Linear Collider (ILC) (Science 
9 February, p. 746), American physicists want 
to build the ILC at Fermi National Accelerator 
Laboratory (Fermilab) in Batavia, Hinois, and 
researchers had hoped to break g 
2012 and fire up the ILC’s beams of electrons 
and positrons in 2019, But last week, DOE 
Under Secretary for Science Raymond 
Orbach told the ment’s Hi 
Physies Advisory Panel to add ye 
to that timeline, extending projected gap dur- 
ing which the United States will not have 
particle smasher (see table, right). Orbach 
asked the panel to bridge the gap with smaller- 
scale projects, a request that vexes researchers 


whose experiments were canceled in part to 
free up resources for the ILC 

“Even assuming a positive decision to 
build an ILC, the schedules will almost cer- 
tainly be lengthier than the optimistic projec~ 
Orbach told the panel at its meeting in 
D.C. “Completing the R&D and 
engineering design, negotiating an inter- 


tions! 
Washingte 


national structure, selecting a site, obtai 
firm financial commitments, and building a 
machine could take us well into the mid- 
2020s, if not later." he added. 

‘Scientists at the meeting put the best face 
on that hard-nosed assessment, Orbach’s 
promise to continue R&¢D and engineering for 
the ILC is his most important mess: 
Barry Barish, a physicist at the California 
Institute of Technology in Pasadena, who 
leads the ILC design effort, “If you're saying, 


says 


Put [the project] on the shelf for S years and 
then come back,” then of course, you lose 
hat at all” At 
ar that talk 


‘momentum. But he isn’t sty 
the same time, Barish 
of delay “has the danger of becoming a self- 
fulfilling prophecy.” 


ment rather than backing one ata nuclearreac- 
tor in Braidwood. Ilinots 

Afier decades of leadership, the United 
States by 2010 will be left with just a few 
accelerator-based experiments to study neu- 
trinos. By then, the action will have shifted to 
the Large Hadron Collider at the European 
lab, CERN, near Geneva, Switzerland, Physi 


2000 2005 2010 2015 2020 2025 2030 
Awidening gap. Three 
cM = US-bsedexpeimerts wil 
" ‘soon be shutting down, 
KEK-B — decades before the likely 
KEK, Japa start ofthe ILC, 
Large Hadron 
Collider (CERN 
CESR 
PEP-II 


Tevatron 


whose experiments had been cut. “This is 
really stupid and very frustrating because we 
‘had a program.” says Sheldon Stone, a physi- 
niversity in New York 
who worked on an experiment called BTeV 
that would have run at the Tevatron collider 
at Fermilab. In 2005, DOE nixed BTeV 
(Science, 11 February 2005, p. 832), and 
‘months later the National Science Foundatio 
killed a pair of experiments known as RSVP 
that would have run at DOE's Brookhaven 
National Laboratory in Upton, New York 
(Science. 19 August 2005. p. 1163). Last 
April, DOE joined a Chinese neutrino exper 


cist at Syracuse 


SCIENCE 


cists expect the world’s new highest-energy 
collider to open a realm of discovery that the 
TLC would later probe in detail 
Fermilab Director Pier Oddone 
Orbach’s request for input “an opportunity 
set out in new directions, including, perhaps, 
pursuing the lab’s idea for an intense proton 
source. But Edward Blucher, a physicist at the 
University of Chicago who worked on the 
Braidwood neutrino experiment, says “many 
of us who have had the experience [of getting 
a project cut] are going to think twice before 
trying again” ADRIAN CHO 


With reporting by etre Mei, 


VOL 315 2MARCH 2007 


ZOOLOGY 


On the move. 


ve Arica 


African Penguin Populations 
Reported in a Puzzling Decline 


PRETORIA, SOUTH AFRICA—African penguin 
populations, on the upswing since the mid- 
1990s, appear to have gone into a surpris 
nosedive, New data indicate that their num- 
bers may have dropped in the past few vei 
by as many as 50,000—40% of the popula- 
tion, And the birds, which normally breed on 
island colonies, have puzzled scientists by 


establishing a growing number of new 
i. 


ists see this population pat- 


colonies on the m: 

Marine 2oole 
tern reflected in several observations. 
“Every piece of information we have 
breeding success, breeding counts, diet 
ple analysis, and [a bird: 
ing season} 


sus during molt- 


show the same trend and are 
serious cause for concern,” says Samanth: 
nages BirdLife South 


Zoologist Rob Crawford, a penguin expert 
with South Africa's Environmental Affairs 
Department, agrees that the trend is “quite 
disturbing.” He believes that the birds" prime 
food sources—sardines and anchovies 


are 
becoming scarce around established 
colonies. Although overfishing may be part 
of the problem, Crawford and South African 
fish experts also blame “a large eastward 
shift” in the distribution of the fish, In a 


recent study, they found that the biomass of 
those fi on near the pen- 
uins’ largest breeding islands west of Cape 
Tovvn fell sharply after 2002. 

In what Crawford suspects isa “despera- 
tion move” to get closer to their fish prey, 
apparently from island 
colonies—have been moving eastward and 
settling on the mainland, most recently at the 
De Hoop Nature Reserve. They normally 


sh species in the rey 


some penguins 


§ shun these locations because of predators. 
§ Les Underhill, who directs the University of 


Cape Town’s avian demography unit, agre 
that the new colonies reflect a trend of pet 
eastward toward the current 
Mossel Bay, 


guins movin 


‘once numbered 
‘more than 1.5 million on islands off South 
western coast. But nd ege 
century ago led to a 90% decline 
in the population; oil spills in 1994 and 2000 
also held them back. Even so, South Afric 
penguins climbed to about 120,000 earlier in 
this decade before the most recent downtum. 

Long-term oceanographic studies are 
needed to assess whether climate change could 
be a factor. For now, South Africa's environ- 
‘ment department is considering various short- 
term options to try to protect the penguins. 
including establishing no-fishing zonesaround 
several breeding islands. Underhill contends 
that “setting up areas around breedit 
which are closed 
facing penguin conservation today 

This month, Crawford's group will be 
a new count of nests and, later, of pet 
themselves during molting. Researchers are 
also using satellite-tracking and transpon- 
ders to analyze the birds" feeding habits. 
Parallel efforts are ongoing in Namibia, 
Where the number of penguins is now about 
24,000, down from 100,000 in 1956, 

Life is not likely to get easier for South 
Africa’s penguins. threatened by oil 
spills, predators, and habitat changes. But 
Underhill says the new colony at De Hoop 
offers some hope: It shows that the pet 
ht be safely relocated. If scientists could 
ure out how to start colonies, “then we 
could secure a piece of coastline from land 
predatorsand get colony going nearthe fish.” 
ROBERT KOENIG 


olonies 


fishing is the critical issue 


gin 


Speaking of Intellectual 
Property 

NEW DELHI—A controversial report arguing 
that India's patent laws are out of tne with 
global norms has been withdrawn under a 
charge of plagiarism. One paragraph of the 
report, delivered to the government late last 
year by a blue-ribbon panel chaired by India’s 
top expert on intellectual property, Raghunath 
‘Anant Mashelkar, states that incremental 
innovations to a patented product “may be of 
tremendous value ... [and] ought to be 
encouraged.” Analysts say that statement 
favors pharmaceutical companies and could 
sway a case in Madras High Court in which the 
drug giant Novartis has challenged Indi 
rejection ofits patent application for the 
cancer drug Gleevec. 

Mashelkar has acknowledged that the 
paragraph on incremental innovations was 
copied verbatim, unacknowledged, from 
another source: “Aslip did happen, and | 
deeply regret i.” Last week, he offered to sub: 
mit a new version in 3 months that would fot 
low “best ethical practices.” Some in Parlia 
ment have demanded that the government 
scrap the Mashelkar committee and start over. 
The government earlier this week sai itis stil 
weighing its esponse,  ~PALLAVA BAGLA 


Europe Launches Its Own NSF 
BERLIN—in what many describe as afresh 
start for European science policy, hundreds of 
Scientists and politicians celebrated the launch 
of Europe's new research funding agency here 
‘at ameeting on 27~28 February. Modeled on 
U.S. agencies suchas the National Science 
Foundation (NSF), the European Research 
Council (ERC) wil focus on funding basic 
research and rewarding proposals according 
only to their quality—characteristcs that set it 
apart from the E.U.'s existing funding schemes. 
“This isa revolutionary development,” says 
Imperial College London biologist Fotis Kafatos, 
who chairs ERC’s Scientific Council. He hopes 
ERC, whose annual budget is et to gro to 
€13 billion, wil help retain Europe's top talent 
and lure back scientific stars working abroad, 
Stal members at ERC’s Brussels bureau are 
still working frantically to prepare for the 
expected flood of grant applications. The 
‘agency can handle up to 3000 proposals for the 
2.00 grants it has available in 2007, says Vice 
President Helga Nowotny. “if i's twice that 
number, we'llhavea problem,” she adds. This 
year's grants, worth €1.5 million on average, 
will goto young scientists; larger grants for sen 
ior researchers will become available in 2008 
MARTIN ENSERINK 


SCIENCE VOL315 2MARCH 2007 


| NEWS OF THE WEEK 


1206 


ARCHAEOLOGY 


Mystery Towers in Peru Are an Ancient Solar Calendar 


Since the 19th century, archaeologists have 
puzzled over Chankillo, a massive. 2300- 
old ruin 400 kilometers north of Lima, 
‘with a walled hilltop centerand an e 
line of 13 small, rectilinear towers, Scientists 
have variously interpreted the complex “as a 
fort, a redoubt, a temple, and even as the set- 
ting for ceremonial battles.” says archaeolo~ 
sist [vain Ghezzi of the Pontificia Universidad 
Catdlica det Perti (PUCP) in Lira 

Now. on page 1239, Ghezzi and arch- 
aeoastronomer Clive Ruggles of the Uni- 
versity of Leicester, U.K., demonstrate that 
Chankillo was, in part, a solar observatory 
In what Luis Guillermo Lumbreras of the 


View from the top. 
Chaodilio's central ¢ 
wa ated 


S. INNOVATION 


Universidad Nacional Mayor de San 


Marcos in Lima calls “an excellent scien- 


n. very serious and inform- 


towers marked the summer and 
winter solstices. 

Jokingly dubbed “the Norelco ruin” for 
the distinctive shaverlike shape of its three 
concentric walls, Chankillo was built during 
the collapse of a major Andean religious 
center called Chavin de Huantar, in a time 
when many population centers wer 
tied and others were fortified. Amon 


according to new radiocarbon dates also 
provided in the paper. 

Chankillo’s commanding location and 
thick walls suggest a martial purpose, but 
int design, many yates, and lack of wa 
supply raise doubts that it was a fort. Working 
with Ruggles, Ghezzi uncovered two artifi- 
cial observation points constructed about 
200 meters away from and on opposite sides 
of the line of tawers, which run along the top 
ofa ridge east of the main complex. The east- 
cern viewpoint was partly wrecked, but the 
‘western viewpoint was both well-preserved 
and, to Ghezsi and Ruy 
function: The two viewpoints are positioned 
so that on the winter and summer solstices 
the sun rises and sets over the towers on the 
opposite end of the line, establishing the 
beginni nidpoint of the solar year, The 
western viewpoint was at the end of a 
40-meter-long, windowless corridor that 
wrapped around the outside wall of a struc 
ture filled with ceremonially displayed 
rurines of soldier 


eleg 


ceramic f 

Because the heavens are filled with celes- 
tial objects, researchers often foo! them- 
selves with coincidental astronomical align- 
ments. “When Ivan said I had to come and 
see this site that might be an observator 
wide | was thinking, “Yeah, 
people are always saying thisto 
But instead. he found what PUCP 
archaeologist Luis Jaime Castillo calls an 
“absolutely clear-cut" example of a monu= 
mental calendar. “It is difficult to imagine 
what other function the observation struc 
tures could have served” siys Castillo, > 


yeah, yeah 


me. 


Democrats Rescue Technology Research Program 


Written off'as dead by crities and fans alike. 
the Advanced Technology Program (ATP) has 
been given a $79 million lifeline from 
Democrats in the US. Congress. 

Run by the National Institute of Standards 
and Technology (NIST), ATP was beg 
the early 1990s as a way to help companies 
conduct research aimed at commer 
new products. It has supported everythin 
from genomics to materials science. Republi 
cans—including the current Bush Adminis- 
tration—have long derided it as so-called 
corporate welfare, however, and neither the 
Senate nor the House included money in 
NIST’s 2007 spending bills for the program. 


But after Republicans left Democrats withthe 
job of finishing this year’s budget (Science. 
22 December 2006. p. 1862). staffers staved 
off ATP's demise in the spending bill Presi- 
dent George W. Bush signed 2 weeks ago. 
“This was under the radar.” says lobbyist 
of the Alliance for Science & 
Research in America in Wash- 
ington, D.C... of the turnaround. which he 
says “defied even metaphysics. 
sional aides and lobbyists say top Democrats 
on Capitol Hill, including House Speaker 
Nancy Pelosi (D-CA), view the program as 
an essential piece of the House Democrats’ 
“Innovation Agenda” introduced nearly a 


Congres- 


before they won control of Congress. 

Last week, NIST officials said that 
details of the competition, including how 
much money will be available, will be 
announced in the spring. “am actually very 
proud, as NIST's director, to be hearing 
about [ATP] success stories.” NIST head 
William Jeffrey told a House science com- 
mittee panel last week in testimony on the 


wgency’s 2008 budget request, which once & 
again zeroes out the program. But, he added. 
“the issue is, in the Administration’s view- 3 


point, whether or not [ATP] is the appropri- 
ate role for the feder 


ernment 
ELL KINTISCH 
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The practical need for the Chankillo obser 
vatory is evident, notes Daniel Sandweiss of 
the University of Maine, Orono: agriculture, 
hich required “solar observation to know 
when to plant.” Along the bone-dry Peruvian 
‘coast, where farming has long depended on 
irrigating rivers, “people need to know the 
date with some precision.” 

Until recently, the first complex states in 
northern Peru were dated to the rise of 
the Moche in about 400 C\E, “Now we find 
very sophisticated measurement techniques 


STEM CELLS 


s Castillo. “It 


600 years before Moche.” say 
ave been more 


says to us that there may 
going on than We thought.” 

Most important, says Clark Erickson of 
the University of Pennsylvania, “this kind of 
discovery really begins to get into the minds 
people in the past.” The long hallway to the 
western observation point, he notes, “only 
provides space fora few people to be brought 
there and dazzled.” Understanding this piece 
of architectural theater, he says, “helps make 
the past come alive.” CHARLES C. MANN 


Data on Adult Stem Cells Questioned 


Just as her team is preparing some long 
awaited follow-up papers on multipotent adult 
progenitor (MAP) cells, stem cell researcher 
Catherine Verfaillie is dealing with accus- 
tions that her landmark study. published in 
Nature in 2002, contains “flaws” that could 
jeopardize its conclusions. Nature has 
decided to rereview the 
work. Verfaillie, now atthe 
Catholic University of 
Leuven, Belgium, siys that 
although some data are 
puzzling, the problems do 
not affect her findings. 

The accusations were 
raised last summer but 
became widely known only 
last week following an ar 
cle in New Scientist, They’ 
received a furry of atention 
because of the big splash 
Verfuaillie made when she 
originally reported that her 
team had cultivated a new 
type of cell that appeared to 
have the potential to zreny into most cel types in 
the body (Seienice, 9 February. p. 760) 

Last year, two New Seiemtist reporters 
t the Nature paper and another 
the team published at the same time in the 
Journal of Experimental Hematology con- 
tained identical data on flow eytometry—a 
technique for identifying cells—even 
though the two papers described different 
cell populations. They notified Verfaillie 
who in turn notified the journal editors and 
the University of Minnesota (UMN), Twin 
Cities, where she did the research. 

At Verfaillie’s request, UMN convened 
three experts to review the flow-cytometry 
2 data. They concluded last August that the 
§ duplication was an “honest error” Verfaillie 
§ subsequently had an erratum published in the 


for her cells, 


Hot seat. Catherine Verailie sticks up 


hematology journal 

However, the panel also said it had reserva- 
tionsabout the “validity” of the flow-cytometric 
analysis data in the Nature paper. Flow eytom- 
etry involves the use of antibodies to recognize 
proteins on cell membranes. Some of the fluo= 
wures generated by antibodies 
showed a variability “far 
outside what would be 


Ithose data are . 
itcould mean that the MAP 
Is do not have all the 
characteristics described 
in the paper 
The experts said they 
couldn't judge whether the 
problem would affect the 
paper's conclusions about 
the versatility of MAP cells. 
‘One of them told Science 
¢ “problems are ram- 
* in flow cytometry. 
and it would be hand to find 
paper without some flaw, 

UMN then asked two unnamed stem cell 
experts to address the validity of the conclu- 
sions of the Nature paper. Their comments 
have not been made public, but the university's 
vice president for research, Tim Mulcahy, says 
that one of the experts fel the problematic data 
“weakened” the paper. The other said the data 
\were “not critical” to the conclusions, Mulcahy 
says the university plans no furtber action and 
will let the scientific community judge the 
matter for itself 


‘noexplanation 
* the data turned out as they di. “I per- 
sonally don’ think it acts the conclusion 


the paper, and I've spoken to many people who 
personally don't think sa.” she says. But it’s“up 


to Nanure w decide” ~CONSTANCE HOLDEN 


Ethics at Issue in China 


BEIJING—China’s largest research body is, 
{getting serious about misconduct. Earlier this 
week, the Chinese Academy of Sciences (CAS) 
unveiled guidance on what constitutes mis 
conduct and set up a high-level academy 
committee to investigate allegations. 

In recent months, a series of high-profile 
misconduct cases has tarnished the reputa 
tion of China's scientific community (Science, 
‘June 2006, p. 1468). CAS this week ordered 
each of its 100 institutes to set up their own 
committees to probe allegations against their 
researchers and to educate staff about ethical 
behavior. The CAS panel will investigate 
higher profile allegations. With Chinese sci 
ence becoming more competitive and well 
funded, the new rules should deter mis: 
conduc, says Zhou Xingjiang of CAS's 
Institute of Physics in Beijing. ~}1A HEPENG 


Those Crafty Europeans 

Next stop for the European Space Agency 
(ESA): Mercury, perhaps the least well known 
of the planets, Coming on the heels of recent 
missions to Mars, Venus, and Saturn's moon 
Titan, ESA last week approved construction of 
BepiColombo, which wil launch in 2023 and 
reach Mercury 6 years later. Only NASA's 
‘Mariner 10 spacecraft has visited Mercury 
before, in 1974-75, and NASA has dispatched 
another craft, dubbed Messenger, to arrive in 
2011. BepiColombo is designed to split into 
two orbiters upon arrival at Mercury: one to 
study the planet and the other—provided by 
Japan—its magnetosphere. ~DANIEL CLERY 


South Africa Listens Hard 


PRETORIA, SOUTH AFRICA—South Africa's 
new proposed budget aims to improve the 
country’s chances of beating out Australia for 
the world’s most powerful radio telescope, the 
‘Square Kilometre Array (SKA). About 40% of 
the government's proposed $172 million 
budget increase for science and technology 
(S81) would fund an uporaded pilot instru 
iment, the Karoo Array Telescope (KAN). 

The nation’s SKA project manager, Bernie 
Fanaroft, says an expanded version of the 
demonstrator array called the MeerKAT, wil 
“optimize the science we can do” with available 
funds, Although some scientists question devot 
ing so much of the budget to KAT, zoologist 
Robin Crewe, who is president of South Africa's 
leading science academy, predicts that a suc 
cessful b's information network would benefit 
other areas of South African research, 

ROBERT KOENIG 
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What makes the human brain unique? Researchers are coming up with 
new answers to that question as they shift their focus from large-scale 
brain structures to individual neurons and their complex wiring 


NEW YORK CITY—When it comes to brains, 
Patrick Hof has plenty. Plastic containers 
filled with the brains of macaques, gorillas, 
chimpanzees, bonobos, and humans cram the 
shelves of the walk- or in his Lab 
at Mount Sinai Sch 
Duri 


study 


refrigera 


iol of Medicine here. 
g the 1990s, Hof and his team were 
human brains when they spotted a 
type of nerve cell they had never seen before 


in a small area associated with higher « 


tion. At first they thought the long, narrow 
cell was an artifact. But then they realized 
that they had rediscovered a cell type first 
described during the 1920s. So Hof turned to 
tan even bit 
These cells were found only 


his collection and g 


rer Sur 
prise apes 
and humans, not other primates, 

His discovery was the first demonstra- 
tion that the ape lineage had evolved an 
entirely new type of brain cell. Since then, 
he and other neuroscientists have been put- 


ting primate brains under the microscope, 


2 MARCH 2007 


for clues t 


lookin how the extraordinary 
information-processin 


capabilities of the 
human brain evolved. 
On the macro level, many of the differ- 


ences between human and other primate 


brains have long been obvious. Researchers 
have known since the early 19th century 
human brain is nearly four 
times as large as that of a chimpanzee. And 


for decades, anthropologists have analyzed 


that the aver 


the relative sizes and visible structures of 
brain regions such as the frontal and tempo- 
ral lobes in humans and in other living and 
fossil primates. 

Yet in recent years, a growing number of 
researchers have become convinced that 
size isn’t the whole story. Work over the 
past decade by Katerina Semendeferi, an 
the University of Califor- 
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Vive la différence! Neuroscientist Todd 
Preuss holds the brain of a chimpanzee 


portionately larger than those of other apes 
(Science. § May 2000, p. 798). Her work 
remains controversial, but it has spurred 
many scientists to look elsewhere for expla- 
Having a bi 

but not sufficient” to explain human cogni- 
tion, says UCSD glycobiologist Ajit Varki 
‘Neandertals had brains bigger than ours, 
but they did not paint on cave walls.” 


nations. brain is necessary 


Now, armed with new histological and 
imaging techniques to idemtify a 
row 


individual nerve cells, a 


researchers have begun lookin 


human uniqueness that can only be spotted 
under the microscope, They are discovering 
microanatomical structures and enhance- 
ments in the wiring and connectivity of 
nerve cells that ourape cousins lack. “Brain 
and brain o 


size is one thi ization is 


something else,” says neuroscientist Todd 
Preuss of Emory University in Atlanta 


ia, a leading member of this avant- 


rde movement in evolutionary neu- 
roanatomy. “There is a whole microuni- 


verse of human nature for us to explore.” 


Like Hof's slender neuron, some small- 
scale innovations are shared by humans and 


sciencemag.org 


‘great apes but not other pri- 
mates, implying that they arose 
after the great apes evolved 
about 15 million years ago but 
before humans came on the 
scene, about S million to 7 mil- 
lion years ago. Yet in nearly all 
ceases— including Hot"s discov 
‘ery—these novelties show addi- 
tional differences between apes 
and humans. Indeed, most ofthe 
ape-human distinetionsare seen 
in parts of the brain implicated 
in advanced funetions such as 
social cognition and language, 
“This isthe first set of [micro- 
scopic] differences that define 
the human brain as more than 
just another great ape brain.” 
says Chet Sherwood, an evolu- 
tionary neuroanatomist at 
George Washington University 
in Washington, DC. 


ress, the field is s 
basie discovery stage, identi- 
fying new features and trying 
to decipher their functions, 
Researchers can’t point to a 
recently evolved nerve cell 
type and say with confidence 
that it helps humans to plan 
ahead or negotiate delicate 
social situations, for example, 
(On the other hand, the emerging micro 
differences are encouraging new hypothe 
ses about brain evolution. These studies 
“have a beautiful potential and open a 
whole new window on the evolutionary 
history of [primates] that we never had 
before.” says anthropologist Ralph Holloway 
‘of Columbia University. 


\MGTTUTE OF TECHIOLOGY 


Of apes and whales 
Although researchers have long studied the 

5 anatomy of the brain, until 
recently many had assumed that 

© al mammalian brains are bi 

i cally the same at the mierascopic 


level. “Many neuroscientists 
haven’t wanted to imagine that 
the human brain isanything more 
than a rat or mouse brain done a 
litle differently.” Varki says. As a 
§ result, researchers have over- 
i looked important differences 
between humans and their close 
2 primate kin, Preuss says. He adds 
8 thatthe rootsof the problem goal 
& the way back to Charles Darwin. 
5 who argued that humans were 


essentially big-brained apes, Well into the 
1980s, he says. neuroscientists continued 10 
argue for what they called the “basic unifor- 
mity” of the mammalian brain. 

This simple picture began to change dur- 
ing the 1990s, when researchers began to find 
subtle differences in the shapes and biochem- 
ical properties of neurons across mammalian 
species. They were greatly aided by new his- 
tological techniques that allowed them to 
label specific nerve cells and neurotransmit- 
ters. In 1999, Preuss and his co- 
workers were the first to show 
‘more significant microscopic dif 
ferences in brain organization 
between apes and humans. They 
reported in the Proceedings of the 
National Academy of Sciences 
that one layer of the human pri- 
mary visual cortex, which is 
located in the occipital lobe in the 
back of the brain (see diagram), 
differs markedly from that of 


Built for speed. Slender Von 
Economo neurons may relay nerve 
impulses switl. 
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monkeys as well as apes 
such as chimps and orang- 
tans, In this layer, which 
helps relay visual informa 
tion from the retina to the 
parietal lobe, nerve cells are 
organized in a complex 
meshlike pattern very dif 
ferent from the simpler ver- 
arrays of cells found in 
other primates. Preuss’s 
team concluded that the 
meshlike arrangement was 
an evolutionary innovation 
on the human line and 
mighthelp explain humans’ 
superior ability to detect 
objects against a back- 
ground. “This was very ni 
work” stys Holloway. 

That was the same year 
Hof reported the elongated 
neurons he had rediscov= 
ered called spindle neurons 
because of their tapered 
shape or Von Economo 
neurons (VENs) after the 
Austrian neurologist who 
originally spotted them, 
Work by Hof, neuro- 
scientist John Allman of 
the California Institute of 
Technology in Pasadena, 
and Semendetir has shown 
that these neurons are located in only two parts 
‘ofthe brain: the anterior cingulate cortex, deep 
inthe center of the brain, and the frontoinsular 
cortex, located inside the frontal lobes. In 
‘humans, both of these structures appear to be 
involved in aspects of social cognition such as 
trust, empathy, and feelings of guilt and 
‘embarrassment, Not only were VENs unique 
to great apes, but humans had many more 
VENs than other apes. And the human VENs 
\were markedly langer. 

What do humans use those big VENs 
for? No one knows for sure, but a few hints 
are emerging. Last year, Allman’s team 
reported in Neuroscience that human VENs 
seem to make fewer connections with adja- 
cent nerve cells than do other types of neu- 
rons. And because the speed of nerve 
impulse conduction generally increases 
with the diameter of a nerve fiber, Allman 
hypothesizes that the large VENs might 
relay information rapidly from the anterior 
cingulate and frontoinsular cortices to other 
parts of the brain, “We think of them as a 
Ferrari relative to a Chevrolet.” Allman 
says. “They are really stripped-down, high- 
performance kinds of cells.” 
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Brains aplenty. Patrick Hol's extensive collection helped him rediscover a specialized nerve cell. 


He and others think that one target for 
nerve impulses from the VENs is a part of 
the frontal lobes called area 10 (see dia- 
gram, p. 1209), which is involved in taking 
initiative and advance planning: Semendeferi 


has argued that this region, unlike the 
frontal lobe as a whole, is expanded in the 
human line relative to its counterpart in 
other apes. Allman hypothesizes that the 
big VENs might help humans adjust behav- 
ior swiftly in response to rapidly changing 
I situations, 

New data on dementia seem to fit that 
notion. Last December, a team led by William 
Seeley at UC San Francisco reported in 
Annals of Neurology that subjects afflicted 
with a type of dementia that causes inap- 
propriate and impulsive social behavior had 
74% fewer VENs in their ante 
cortex compared to normal controls, 


2MARCH 2007 VOL315 


But other researchers note that it’s too 
early to draw 


nctional conclusions about 


designed for conduction of more rapid out- 
put than surroundi 
says. “But what they 
don’t know yet 

Whatever the VENs do, primates ma 
not be the only cre 


cells.” Sherwood 


are connected to we 


ures doing it. In a sur- 
prise finding last year, Hof and his Mount 
Sinai co-worker Estel Van der Gucht found 
that some large whales—including hump- 
backs and fins—have VENs too, as they 
reported in the Anatomical Record. This 
apparent case of parallel or conve! 
lution could help explain the cog 
ents of some whale species, includ: 


singing and other forms of complex com- 
munication, says Hof 
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Marching in column 
Whereas VENs seem to be restricted tocertain 
mammal species and specific brain n 
other researchers are exploring the uniquely 
human specializations of a feature shared by 
all mammals: the minicohimn, Discovered in 
the 1950s, each minicolumn is comprised of 
80 to 100 nerve cells bundled together vet 
cally in the cerebral cortex. Most neuroscien- 


ons, 


tists now consider the minicolumn to be the 
basic modular unit of neural information pro- 


cessing, one that can respond to many simul 
“The minicolumn 
serves as a parallel processor in the brai 


taneous stimuli at once. 


explains neurologist Manuel Casanova of the 
University of Louisville in Kentucky 

And certain human minicolumns appar 
ently have unusually 1 
ties. In 2001, Casanova and biological anthro~ 
pologist Daniel Buxhoeveden, now at the Uni 
versity of South Carolina in Columbia, exam 
ined minicolumns in the left planum tempo- 
rale, a part of the temporal lobe involved in 
uniquely hum ang 


and perhaps music. As they reported in the 


American J 


yrnal of Physical Anthropology 
they found that human minigolumns in this, 
ized much differently than 


those of chimps and rhesus monkeys, Human 
minicolumns were much wider, 


average of 
$1 micrometers compared toabout 36 microm 
in both chi 


ps and monkeys. This 
increased size was apparently due to an 
increase in the so-called neuropil space at the 
minicolumn’s periphery, which contains the 
axons, dendrites, and synapses that make neu- 


ral connections, The neuropil space was 
expanded even more by a tighter packing of 
nerve cells in the center of the minicolumn in 
humans compared to other primates 


This suggests that the organization of 
nerve cells in the planum temporale has 
evolved since the human-chimp split, says 
Casanova. Ina follow-up study, the team also 
showed that in humans, the minicolumns of 
the left planum temporale are wider and have 
more neuropil space than those of the right 
planum temporale, whereas in chimps and 


thesus monkeys the left and right sides are 
similar. And recent unpublished work by 
Semendeferi’s graduate student Natalie 
Schenker shows a significant enlargement of 
minicolumns in area 10 as well as Broca’s 
n 


area, an area on the left side of the br: 
involved in la 


guage processi 
These microlevel asymmetries fit with 


macrolevel results: In most humans, certain 
areas are bigger on the left side of the brain 
than on the right, and some of the left-side 

a's area, are apparently 
e. Sherwood suggests that 


regions, such as Bro 
imolved in languas 


the macrolevel asymmetries may reflect an 
underlying left bias at the micro level. 

All this work suggests that the human 
minicolumn has reorganized during evolu- 
tion to allow greater connectivity. says 
Casanova, That reorganization may have 
helped make the expansion of the human 
brain possible, he says: “To have a big brain, 
you need more connections.” 


Making connections 

In the nervous system, making connections is 
everything—and usually, the more the better. 
Until recently, however, little was known 
about what triggered the formation of 
synapses between neurons. Then in 2001, a 
team led by neurobiologist Ben Barres of 
Stanford University in Palo Alto, California, 
reported that specialized p led 
astrocytes—which make up nearly half the 
cells in the human brain, but whose functions 
had retained must be present for 
synapses to form, Astrocytes do not form 
synapses themselves, but Barres’s work 
showed that they play some sort of supporting 
role in creating, synapses between the 
and dendrites of impulse-carrying nerve 
fibers. Later, Barres and his coll 
reported that astrocytes trigger synapse for- 
mation by secreting large proteins called 
thrombospondins (Sefence, 21 November 
2008, p. 1323). 


mystery 


axons 
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Thrombospondin secretion is an astr 
eyte function with a hij 
apacity for neural processing,” 
Maiken Nedensaard. a neurologist at the Uni- 
versity of Rochester Medical Cemter in New 
York. In general, the more synapses, 
greater the brain’s ability to tr 
sages and process information. 
Intrigued by Barres’s results, Preuss wor 
dered whether there were any differences 
thrombospondin seeretion among primates. 
He and co-workers looked at the gene expres- 
sion of thrombospondins in the brains of 
humans, chimps, and macaques. The team hit 
the jackpot: Asreported online last December 
in Cerebral Cortex, human brains produce up 


ssmit me 


Recruiting the Cell's Own 
Guardian for Cancer Therapy 


Reactivating the p53 tumor suppressor gene has given promising results in mice, 
reversing and even temporarily eradicating some tumors 


Within the past few years, biologists have 
begun to see their stuly of cancer cell genet- 
ics pay off in the best way possible: through 
the development of new drugs that can 
improve patient survival. Some specifically 
block the oncogenic proteins that drive tumor 
growth; Herceptin is a recent example. But 
are only one part of the equation. 
Many if not all human cancers also have 
defects in so-called tumor suppressor genes 
that would normally restrain cancer develop- 
ment, And now, researchers are increasingly 
turning theirattention to the tumor suppressor 
genes to see whether its possible to develop 
therapies that work by restoring their activity. 

The lion's share of attention has focused so 
far on the tumor suppressor gene known as 


(p53. This work, sil in its very 
cal stages, looks promisin 


preclini- 
One line of evie 
dence comes from three recent studies show- 
ing that restoring p53 activity can halt the 
growth of cancerous tumors in mice, and in 
some cases, even cause tumors to disappear. 
The papers “eloquently show that restoration 
3 function in every cell is effective in 
ing tumors.” says Wafik EFDeiry of 
the University of Pennsylvania School of 
Medicine in Philadelphia. 

In addition, researchers are hot on the 
trail of the field’s Holy Grail: the develop- 
ment of small molecule drugs that reactivate 
the p33 protein. Some of this work was 
sparked by the discovery 3 y oofa 
drug called nutlin that has shown promise in 
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to six times as much thrombospondin mes- 
senger RNA and protein than do either 
chimps or macaques. Moreover, the differ 
© ‘bral cortex but not 
in the cerebellum and nonbrain tissues. 

“Todd's findings are extremely interest- 
ing.” Barres says. “They raise the question of 
whether the human brain can form more 
at least in adulthood, Varki agrees: 
ctly the kind of 
smendeteri 
adds that these results are completely consis- 
tent with her lab’ finding that minicolumns in 
area 10—one region where Preuss found 
‘enhanced thrombospondin expression —have 
larger neuropil space and this more room for 
synaptic connections 

Just how much the relatively new field 
of comparative microneuroanatomy will 
contribute to our understanding of human 
brain evolution remains to be seen, “Some 
of it may work out, and some might not.” 
Holloway says. “What we need now is to 
establish a solid relationship betw 
structural elements and actual behavic 
variations” between humans and other pri- 
mates. Nevertheless, says Holloway. a pio- 


neer in macrostudies of brain evolution, “If 
I were 42 years old instead of 72, 1 would 
throw all my brain endocasts 
sht into this new field.” 
“MICHAEL BALTER 


way and get 


preclinical testing; now several additional 
drugs are also in the pipeline. “The whole 
field is in a stage of very serious optimism: 
says p53 pioneer David Lane of the Institute 
of Cell and Molecular Biology in Singapore, 

The reason drug developers are so inter 


ested in 53 is that mutations in the gene con- 
tribute to the development of about 50% of all 
human cancers. In addition, tumors lacking 
‘mutations in p53 itself often carry mutations 
other genes that produce proteins that inter 
act with and regulate pS3. Indeed. Lane says, 
‘one way or another, the 53 pathway may be 
ncers. 
have 


evolved as a 


‘with stresses such as DNA damage triggered 
by exposure to environmental toxins or radi- 
ation. When activated, the p53 protein turns 
‘on genes that can halt cell division until the 
DNA damage is repaired, or it can set off a 
form of cell suicide called apoptosis. Thus, 
p53 can help prevent the accumulation of 
potentially cancer-causing mutations and 
also put the brakes on abnormal cell growth, 
That's why Lane once christened p33 “the 
guardian of the genome.” 
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The cancer cells didn’t laugh 
Although a great deal of evidence links inacti- 
vated p53 to cancer, researchers Were unsure 
whether turning the tumor suppressor zene 
back on would actually halt tumor growth 
‘once it Was under way, "p33 mutations could 
simply set the stage for other [cancer-causing] 
mutations” says Tyler Jacks of the Massichu- 
setts Institute of Technology in Cambridge. If 
50, he adds, “you could put p53 back into e 
cells, and the cells would simply laugh’ 
There was also the possibility that tumors 
could lose other proteins needed for normal 
(753 pathway function, and that these would 
need repair, too. 

Three independent teams, one led by 
Jacks and the others by Gerard Evan of the 
University of California, San Francisco, and 
Scott Lowe of Cold Spring Harbor Labora- 
tory in New York, have now found 
that p53 reactivation ean indeed 
halt tumor growth. (Evan's results 
appeared in the 29 December 2006 
issue of Celfand those of Jacks and 
Lowe were published online by 
Nature on 24 January and also 
appear in the 8 February issue.) 

Both Evan's and Jacks’s teams 
used mice that had been genetically 


‘engineered so that the p53 gene (P-31398 
ould be turned on and offat will in 
the animals’ cells, The mice also 
be ic Cell death 


carried oncogene mutations to 
facilitate the development of can- 
phoma in the case of the 
3 and lymphomas 
‘and sarcomas in the Jacks team's 
animals. Lowe and his team took a 
somewhat different tack, zene 
cally engineering liver tumor cells 

so that the researchers could turn the cells” 
p$3 yene on and off. These cells were then 
transplanted into the livers of mice. 

In all cases, the researchers kept the 
* until the tumors wrew to an 
advanced stage in the animals. Then, they 
turned the gene back on. “We all came to the 
same conclusion. ... When p53 is restored to 
the system, [cancer] cells respond.” Jacks 
says. Depending on the tumor type, the exact 
mode of the responses differed, however. 

The lymphoma cells in the Evan team’s 
mice died by apoptosis, with the tumors 
beginning to shrink in about 12 hours. “The 
effect on the tumor appears to be quite eata- 
strophic.” Evan says. The effet was not per- 
manent, however. Eventually the tumors 
‘grew back in all the animals, and this time 
could not be reactivated, either because 
that gene or the one for a protein called 
MDM2 that’s known to inhibit p53 had been 


lost. This adds a cautionary note to efforts 
to treat human cancers by activating 

53. Assuming that can be done, Evan says, 
"we don’t know how longa remission will last” 

Jacks and his team also saw lymphoma 
cells die by apoptosis. But the cells of the sar- 
‘comas Went into growth arrest. The liver tumor 
cells in the Lowe team's mice stopped growing 
and became senescent. The Cold Spring Har- 
bor group saw an additional feature as well 
The changes that occurred in the senescent 
cells triggered a strong inflammatory attack 
‘on—and the destruction of —the tumor 


Early clinical trials 

These results clinched the case that 
p53 activity can squelch tumor growth at 
least temporarily —a possibility hinted at by 
early gene therapy efforts to restore p53 in 


Cell stresses 
Oncogene activity 


Drug targets in the p53 pathway. Some of the drugs being developed 
to fight cancer, including PRI MA-1 and CP-31398, aim to reactivate 
mutant p53 proteins, possibly by helping them fold more normally. 
‘Others, like nutlns, were designed to foster p53 activity by preventing its 
{interaction with the natural inhibitor MOM. 


human cancers. Clinical trials conducted 
about 10 years ago, which used adenovirus 
to carry a normal copy of p53 into the 
‘tumors of patients with head and neck can- 
cer or non-small cell eancer of the lung. led 
to reduced tumor growth in some patients 
and even tumor shrinkage ina few. 
‘Another approach using adenovirus does 
try to reactivate p53 but instead takes advan- 


must replicate. Normally. p53 can inhibit that 
replication, but adenovirus has a 
me that makes a protein that stops p: 
doing that. In work also done in the mid- 
1990s, Frank MeCormick and his colleagues, 
then at Onyx Pharmaceuticals in Richmond. 
California, identified a natural adenovirus 
‘mutant that can’t inhibit p53. This virus, they 
reasoned, should only be able to replicate in, 
and kill, cancer cells that lack p53, whereas 


theactive p33 of normal cells should block the 
‘mutant virus’s replication, thus sparing the 
cells from its lethal effects, 

Although later research showed that the 

mutant adenovirus’s failure to replicate in 
normal cells was due to a different defe 
the virus has shown promise in early elini- 
cal trials, including one from a team led by 
Tony Reid of Stanford University in Palo 
Alto, California, that was published ontine on 
1 December 2006 by Cancer Gene Therap 
In that study, the liver tumors of 
17 patients with metastatic colorectal ean- 
cer who were treated with the virus either 
stopped growing or shrank, and there were 
few signs of liver toxicity. 
-ven so, these viral-based therapies aren't 
|, mainly because the agents have to be 
ectly into the tumors or, as in the 
of the liver tumors, into the 
artery leading to the liver, Cancer 
surgeon Gary Clayman of M. D, 
Anderson Cancer Center in Hous 
ton, Texas, who conducted an early 
trial of 53 gene therapy, says that 
one of the problems with this 
approach is that it’s not possible to 
get sufficient quantities of the 
virus into every cell of every tumor 
4 patient might carry. "More efee= 
tive delivery systems are needed,” 
Clayman says. 


Small is beautiful 

To avoid such drug-delivery prob- 

Jems, researchers are now concen= 

trating more on the development 

of small-molecule drugs that an 

be taken by mouth and trans- 
ported by the bloodstream to the 
entire body."*You really need systemic deliv- 
ery to reach all the targets,” says Klas 
Wiman of the Karolinska Institute in Stock- 
holm, Sweden, Some of this work aims to 
block the natural p53 inhibitor, MDM2, 
few years ago, researchers including 
Lane showed that small peptides that bind 
to MDM2 can prevent its interaction with 
p53, thus turning up the activity of the 
tumor suppressor protein, But the biggest 
boost came 3 years ago with the discover 
of nutlins by Lyubomir Vassilev and co 
leagues at Hoffmann-LaRoche’s labs in 
Nutley, New Jersey. 

These compounds, called imidazolines. fit 
neatly into the small pocket where MDM2 con- 
tacts p53 and prevent the interaction betwes 
the two proteins. In experiments conducted at 
the time, the Roche team found that nutlins 
inhibit the growth of human tumors trans- 
planted into mice by 90%, apparently without 
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causing harmful side effects. That’ an impor- 


tant issue because a few months ago Evan and 


the animals. (The results appeared in the 
December issue of Cancer Cell.) 

In the absence of this natural brake on 
p53 activities, the tumor suppressor tr 


massive apoptosis and growth arrest. 
that completely took out MDM2 would be dis- 
astrous to the patient,” Evan says. He and oth- 
nlikely to be 
that efficient, and it may be possible to adjust 
the dose of a nutlin oF other MDM2 inhibitor 


ers note, however, that a drug is 


so that it works in the tumor without causing 
unacceptable side effects. 

Roche spokesperson Darien Wilson says 
that for competitive reasons, the company 
t work on 
wolved in 


does not want to discuss its curr 
nuttin 


but that it is “still very 


rch” on the compounds and hopes 
‘o initiate clinical trials at some point 

Because the nutlins are directed at MDM2, 
they will only work on tumors that still retain 
functional p53. That, of course, is not the ease 
for the 50° 


‘of eancers in which the p53 gene 
itself is mutated, but researchers are also iden- 
tifying small-molecule drugs that ca 
3 activity in such cells, Mutated p33 pro- 

fold abnormally and thus lose the 


teins of 
ability to regulate thei target genes. Some of 
the new p53 activators are thought to work 
partly by helping p$3 fold into a 
configuration 
These include two drugs, called MIRA-1 
and PRIMA-1, that Wiman and his coll 
a libra 


identified by sereeni ry of low= 
molecular-weight compounds from the 
U.S. National Institutes of Health in Bethesda, 
Maryland, The Karolinska team found that 
tumor cells, both in culture and transplanted 
into mice, respond to the dn 
p53 activity and tumor shri 


with increased 


shown that we can restore wild-type activity to 
t] proteins,” Wiman 


some p53 [mut ays. 


Provided the needed regulatory approvals 


come throug 
with PRIM. 
started a company to commercialize the drug 
Another small-molecule activator of p33 

a drug called CP-31398, was identified 
jears ago by Farzan Rastinejad and col- 
ies at Pfizer Central Research in Groton, 


he hopes to start clinical trials 


-1 in about a year and has also 


Connecticut, Researchers originally thought 
that it, too, helps mutant p53 fold more nor- 
mally. That would require that the dn 
to the tumor suppressor, but studies by Alan 
Fersht of Cambridge University in the 
Kingdom failed to detect such bi 
Despite that, “this compound has antitumor 
effects and may have potential for clinical 
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Melting away. With the p53 gene olf liver tumors transplanted into mice grow to an advanced stage 
as indicated bythe red color, but the tumors begin to shrink a soon as p53 is activated, 


development,” says El-Deiry, who has done 
some work on CP-31398. 
It presumably h 


s other mechanisms of 


action. F workin 


shown that it stabi- 
izes both normal and mutated pS3, apparently 
by inh adation, Currently, how= 
ever, Pfizer hi 

Still, these early successes in identifying 
activators of the p53 pathway have 
aged other 


its degi 


no plans to develop the drug. 


pt the! 
‘own screens, Last summer, for example 
ELDeiry and his colleagues reported on a 
search for drugs that mimic p$3's effects in 


esearchers to atte! 


activating gene tr 
turned up more than two dozen 
Some of them worked even in cells that lack 


ascription. The screen 
ndidates. 


ther because they 


expression alto 
increase production or stabilization of a 
p53 relative called p73. which also has 


tumor suppressive effects. Lane says that, in 
published work, his team has also 
screened for, and identified, candidate 
drugs that activate the pS3 system. 
As things are shaping up. researchers now 
have several p53 activators in hand, with 


as-yet 


more on the way. But not everyone is trying 


to activate p53 to help fight cancer. In some 


circumstances inhibiting its actions, particu- 
larly its ability to induce apoptosis, could be 
beneficial. The side effects of gene-damaging 
cancer therapies, including radiation and 


SCIENCE 


some types of chemother 


py are a 
to cell death triggered in normal tissue by 
p33 activation, Last September, Evan and his 


colleagues reported evidence that tumor sup- 
pression by p53 does not depend on this 
response to gene damage but is instead dueto 
its activation by a different path t 
‘oncogene activity. 

If'so, Evan says, “we might be able to split 
the bad effects of p53 away from tumor stp- 
pression and protect cancer patients during 
therapy” by temporarily shutting down 
p53. Andrei Gudkov and colleagues at the 
Cleveland Clinic Foundation in Ohio have 
come to a similar conclusion. This team has 
identified a drug called pifithrin that can 
inhibit pS3-induced apoptosis without alter- 

r gene transcription, 

Much more work will be required before 
cancer therapies targeting the p33 pathway 
make it to the clinic. And if they do make it, 
ins Will likely need to fine-tune thera- 
peutic regimens to the specific p53 muta- 
tions being treated. But that may not be too 
much of an obstacle, because the field of 
cancer therapy is headed in that direction: 


S effects 


indeed, “personalized medicine” is already a 
buzz phrase. “You might have to 
the tumor [to decide on a thei 
says. “But I expect that you're 
to do that anyway 


to have 
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SKIN BIOLOGY 


A Healthy Tan? 


Adark natural tan offers unparalleled protection against skin cancer. So scientists are 
developing compounds that trigger tanning without the sun’s damaging effects 


Anyone who relies on sunsereen knows itis 
sticky, inconvenient, and easy to forget. But 
sunscreen has. lesser known, and more seri- 
‘ous, downside: It doesn’t adequately protect 
against the deadliest form of skin cancer. 

Although ultraviolet (UV)-blocking 
sprays and creams protect people against sun- 
burn and the milder forms of skin cancer 
squamous cell and basal cell carcinoma 
they do not form an effective shield against 
melanoma, which doctors diagnose in 
132,000 people worldwide each year. Ironi- 
cally, saysa growing cadre of skin biologists, 
‘what seems to protect best against melanoma 
is something that sunsereens efficiently 
thwart: a deep, dark tan. 

Dark-skinned people, who also tendo tan 
Well, are up to 500 times less likely to get 
melanoma and other skin cancers than are 
fair-skinned individuals. The ability to tan 
confers protection, researchers say. 
regardless of the skin’s background level 
of pigmentation. This is due in part to the 
UV-shielding effect of melanin, the pigment 
that makes skin cells dark. and perhaps in 
part to an acceleration of DNA repair that 


some believe accompanies tanning. But tan- 
ning in the sun is a fool's wager, dermatolo- 
gists say, because it causes dangerous DNA 
damage, which may lead to cancer before it 
n be fixed. To provide a sun-independer 
alternative, scientists are now developing 
ompounds that trigger tanning and DNA 
repair by acting on molecules that control the 
‘melanin production pathway. 
One key molecule is the melanocortin 
1 receptor (MCIR).a protein on the surface of 
‘melanocytes that heads a major tanning path- 
‘way. Some researchers are targeting MCIR 
directly to stimulate tanning, whereas others 
are bypassing it and aiming at downstream 
targets in that pathway—a strategy that could 
help fair-skinned people who have mutations 
in the receptor’s gene and thus normally don 
tan (see sidebar, p. 1215). Still other investiga- 
tors are concocting skin-cancer preventatives 
that promote MCTR-independent DNA repair 
\ithin the skin, in some cases while also pro- 
‘moting melanin production. 
We hope to develop something that 
works far better than a sunscreen.” says pig 
ment cell researcher Zalfa Abdel-Malek of 


‘Skin problem. There are a variety of human skin 
'ypes, but pale people who don’t tan seem to have 
the least protection from sun-induced skin cancers, 
‘nduding deadly melanomas. 


the University of Cincinnati College of Medi- 
cine in Ohio, who is developing an MCIR- 
stimulator, “Itwillallow your pigment cells to 
make melanin and protect themselves against 
subsequent sun exposure.” Adds pediatric 
‘oncologist David Fisher of Harvard Medical 
School in Boston, who isaiming elsewhere in 
the same pathway: “By switching on pigmen- 
tation, we may be able to mimic the epidemi- 
ological groups that have the lowest risk of 
melanoma,” which are people with dark skin 
or who tan easily 

‘None of the candidate tanning compounds 
or DNA-tepairagents has yet been proven safe 
and effective in large numbers of people. And 
there remain some who question the eancer~ 
protectiveaspectsof tanning alone, noting that 
tanned skin has a sun protection factor (SPF) 
of just 2 to 4, These skeptics argue that dark~ 
skinned people may have other physiological 
ures that protect them from skin cancer 
and that a pale person with an artificially 
induced tan may enjoy minimal cancer pro- 
tection, “Even if you inerease tanning, the 
improvement in photoprotection is likely to be 
small,” suggests dermatologist Jonathan Rees 
of the University of Edinburgh, U.K. 


Tanning tales 
Cosmetic companies as well as researchers 
have been experimenting with skin-<arkening 
agents for decades. There are many tanning 
agents on the market today, but they only dye 
the skin without engawing the natural tanning 
process or protecting the skin from UV rays. 
The first scientific step toward a true arti- 
ficial tanning agent came in the 1960s, when 
Yale University dermatologist Aaron Lerner 
discovered that injecting people with crude 
extracts from the hypothalamus containing 
the newly discovered melanocyte-stimulating 
hormone (MSH) increased skin pigmenta- 
tion. Then in 1991. a team led by biologist 
Mac Hadley of the University of Arizor 
Tucson, reported that injecting a long-lived 
analog of MSH increased skin pigmentation 
‘without sun exposure in 28 Caucasian men. 
But no one understood how MSH acted on 
skin cells. In 1992, Roger Cone and his col- 
Teagues at Oregon Health Sciences University 
in Portland reported cloning the hormone’s 
:ptor, MCIR, in humans and mice. They 
also showed that mutations in that receptor 
gene underlie varying coat colors in mice: If 
mice inherited two defective receptors, they 
were yellow, whereas mice with at least one 
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highly efficient MCIR protein were black or 
partially black. In 1995, Reesand several col- 
leagues reported a similar association 
between aberrant forms of the receptor and 
variations in skin and hair color in people. 

But it wasn't clear until recently that MSH 
and MCIR play an integral role in the skin's 
natural tanning response. In a report in the 
21 September 2006 issue of Nature, Fisher, 
along with John D'Orazio, then a postdoc in 
Fisher's lab at the Dana-Farber Cancer Insti- 
tute in Boston, and other colleagues, proved 
that connection. They studied a mouse that, 
like redheaded people, has two defective 
copies of the gene for MCIR. Unlike mice 
with working receptors, the pink-skinned 
could not tan at all, show- 
ing that a functioning MCIR is necessary for 
the process, at least in rodents, 

In cell culture experiments, the group 
demonstrated that UV radiation prompts the 


dominant cell type in skin. The MSH then 
triggers MCIR on melanocytes, whi 


ions that begins with the activation of 
the enzyme adenyl cyclase. yielding an 
upsurge in cyclic adenosine monophos- 
phate. Once melanocytes transfer the 
melanin to keratinocytes, the pigment 
forms caps over cell nuclei, shielding their 
DNA and creating the skin’s tanned look 

The pigmented keratinocytes protect the 
melanocytes below them as well. 

Activation of the tanning pathway by MSH 
also seems to initiate DNA repair, Skin biolo- 
gists Markus Bohm and Agaths Schwarz ofthe 
University of Minster in Germany and their 
rues reported in 2005 in the Journal of 
Biological Chemistry that the application of 
MSH reduced amounts of eyclobutane pyrimi- 
dine dimers,a sign of DNA damage, incultured 
melanocytes exposed to UVB rays. These 


NEWSFOCUS L 


repairability intanned skin may explain its pro- 
tective capacity beyond its simple SPF. “If you 
are genetically blessed with skin that tans well, 
‘only partof that isthe melanin; you also hav 
repair mechanism that jumps to the challeng. 
says Barbara Gilchrest, a dermatolo 
Boston University (BU) School of Medicine. 
“When you tan, you increase the level of DNA 
repair proteins by a factor of 2 or 3.” 


Protective potions 

An agent targeting MCIR or other molecules 
in the tanning pathway might confer both 
advantages: the protection provided by pig- 
ment production and better DNA repair. For 
example, scientists at Clinuvel Pharmac 
cals, based in Melbourne, Australia, are test- 
ing a slow-release formulation of one of 
Hadley’s injected MSH analogs, with the idea 
of initially using it as a preventive treatment 
for various sun-related ailments such as the 


release of MSH from keratinocytes, the results 


Why | Have Red Hair, Need to Avoid the Sun, 
And Shouldn't Commit a Crime 


J ama redhead who cannot tan, and so are my two children. My husband, 
‘on the other hand, has dark brown hair and tans reasonably wel. Surpris 
ingly, red hair and the inability to tan are largely endowed by variations 
ina single gene: one for a receptor on the sutface of melanocytes dubbed 
MCAR. Epidemiotogists have discovered about 75 alleles for the MICIR 
‘gene, a handful of which disrupt the function of the receptor. In 1995, 
Jonathan Rees of the University of Edinburgh, U.K., and his colleagues 
reported that more than 80% of the people with red hair or fair skin they 
tested had such defective MCZR alleles. By contrast, these versions of the 
‘gene were present in fewer than 20% of study participants with dark hair 
‘and in less than 4% of those who tanned well. 

Since then, larger studies, including one by Richard Sturm at the Uni 
versity of Queensland in Australia, have confirmed the association 
between faulty MCZR alleles and light skin and red hait. Redheads like me 
almost always have two alleles encoding defective MCIR proteins. 

As part of my reporting on artificial tanning agents (see main text), 
‘geneticist Greg Barsh of Stanford University in Palo Alto, California, agreed 
to help me learn my MCIR genotype. Barsh’s postdoc, Linda Ste. Marie, 
Identified what appear to be two different alleles for a malfunctioning 
receptor, suggesting that | am a so-called compound heterozygote. One of 
these alleles, known a5 R151C, is fairly common, appearing in 10% to 
20% of people with European ancestry, It is caused by a single-nucleotide 
‘exchange that inserts the amino acid cysteine in place ofthe usual arginine 
‘at codon 151. The result is that cells produce fewer of the receptor or it has 
‘diminished function, oF both. 

Barsh had never heard of my other allel, in which a single-nucleotide 
‘wap at position 456 produces a genetic stop sign that would halt MCIR's 
manufacture early. A receptor that is missing half ofits amino acids can 
hardly be expected to work. 

{In 2000, Sturm’s group reported that any of three alleles associated 
with red hair, including my RI51C, double a person's risk of melanoma, 
Tome and other redheads, this is not a big surprise, because dermatolo- 
4ists have already shown that our typical pale skin color is a reliable pre- 


thers indicatingan enhanced DNA 


‘common sun rash called polymorphous light 


dictor of increased skin cancer risk, 

Mote important, MCIR status may help size up melanoma risk in peo- 
ple who do not have the physical characteristics associated with that 
‘greater cancer threat, In the 28 July 2006 issue of Science (p. 521), Maria 
Teresa Landi of the U.S, National Cancer Institute in Bethesda, Maryland, 
and her colleagues reported that possessing just one allele for a poorly 
functioning MCIR raises the risk of a dangerous type of melanoma more 
than threefold in people who have darker skin or hair. My husband may be 
‘one of these people, because my redheaded children presumably received 
‘one oftheir inactive MICIR proteins from their father. 

CAR genotype might also inform decisions about which of the exper- 
imental tanning compounds could work best. In theory, MSH analogs 
‘might not be the choice in people like me with defective MCIR receptors. 
‘Mysterious, however, redheads have responded with tans in trials of such 
drugs. Spelling out a person's MCIR genes could also help crime-scene 
investigators, Rees suggests. If the analysis of biological tissue left at 
the scene reveals two aberrant versions of MCZR alleles, there is a 
90% chance that its onner has red hair. That litle fact should keep me on 
the straight and narrow. -1W. 
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eruption. Inthe August 2006 Journal of nves- 
‘tigative Dermatology, a team led by dermatol- 
‘gist Ross StC. Barnetson of Royal Prince 
Alfred Hospital in Camperdown, Australia, 
reported that three 10-day cycles of the Clinu- 
vel treatment increased skin melanin content 
by 41% in 47 healthy, fair-skinned people, 
preventing them from sunburn and signifi- 
cantly reducing signs of DNA damage in 
their skin. The drug will soon be tested in 
fair-skinned organ-transplant recipients to 
see whether it reduces the number of pre- 
cancerous lesions such patients typically 
develop from the transplant’s regimen of 
immune-suppressing drugs. 

Clinuvel’s drug must be injected every 
2 months to maintain a tan. By 
contrast, Cineinnati’s Abdel- 
Malek and her colleagues have 
developed potent MSH analogs 
small enough that they might be 
administered topically. Two such, 
Peptides stimulated melanin pro- 
duction, reduced programmed 
ell death, and enhanced DNA 
repair in melanocytes exposed to 
UV light, the researchers reported 
in the July 2006 /ASEB Journal, 

MSH analogs may not work in 
redheads with two damaged wenes 
for MCIR proteins, however. 
Other teams are therefore aiming, 
compounds downstream in the 
MCIR pathway. Fisher, D'Orazio, 
now at the University of Kentucky 
College of Medicine in Lexington, 
and their colleagues created a 
spectacular artificial tan in their 
redheaded rodents by smearing the 
shaved animals daily with the 
small molecule forskolin, a natural 
product in some teas that stimulates adenyl 
cyclase activity in cells, The forskolin-induced 
tan protected UV-exposed mice against sun- 
burn and the production of DNA adducts, a 
sign of DNA damage. In redheaded 
MCIR-lacking mice that also had defective 
DNA repair enzymes, and thus are prone to 
UV-induced tumors, forskolin significantly 
reduced the number of such tumors com- 
pared to similar mice in a control group, 
Fisher says. Fisher has co-founded a firm, 
Magen Biosciences in Cambridge, Massa- 
chusetts, that is now trying to develop 
drugs that hit molecules more specific to 
the tanning pathway, because virtually all 
cells contain adenyl cyclase. 


Damage signal 
The MCIR pathway is not the sole arbiter of 
tanning. In addition to stimulating release of 


‘An earful, This mouse’s 
‘ight ear darkened alter a com- 
pound that triggers the tanning 
pathway was applied tothe sin, 


MSH. UV light triggers DNA damage. and 
many researchers believe that such damage can 
itself induce tanning and DNA repair by a sep 
arate mechanism. Gilchrest theorizes that this, 
DNA-damage response revolvesaround telom- 
eres looplike structures at the ends of chromo- 
somes that contain repetitive DNA sequences. 
‘Starting in the 1990s, Gilchrest and her col- 
Jeagues found that exposing skin cells to DNA 
fragments with specific sequences triggered 
both tanning and DNA repair. Gilchrest con- 
cluded that the fragments that triggered tan- 
ning, which she dubbed Foligos, were eliciting 
restorative DNA-damage responses in healthy 
skin cells by imitating the exposed end of dam- 
aged telomeres that had lost its loop structure, 


Ina recent study reported in the September 
2006 FASEB Journal, the BU researchers 
applied Toligos over $ days to patches of 
human skin in culture from 18 Caucasian 
donors. The treatment boosted the melanin 
content of the skin samples three- to fivefold, 
comparable to UV'seffects, and greatly accel 
erated the removal of markers of DNA dam- 
age in the skinafter exposure to UV light com- 
pared to untreated. UV-exposed skin samples 
from the same donors. The T-oligos also 
increased levels of the eancer-suppressor pro- 
tein p33 after UV irradiation. These findings, 
Gilchrest says. support the idea that sunscreen 
lotions incorporating T-oliges could produce 
tans in people, protecting them against sun 
damage and skin cancer. BU has patented this, 
strategy, and Gilchrest is now trying to get 
funding for additional animal tests that could 
pave the way for human trials. 


Meanwhile, other researchers are experi~ 
‘menting with lotions that trigger DNA repair 
without promoting a tan, Scientists at AGI 
Dermatics in Freeport, New York, have been 
testing a skin lotion called Dimericine that con- 
tains a bacterial DNA repair enzyme, T4N: 
packaged into liposomes, microscopic lipid 
spheres that help cells absorb the enzyme. Mol- 
cular biologist and AGI head Daniel Yarosh 
envisions his product as a “morning-after 
cream” that could reduce the risk of cancer and 
‘ther skin problems after person has spent too 
Jong in the sun, Sunburned skin cells ordinarily 
repair half the DNA damage within 24 hours, 
whereas Yarosh cites published studies indicat- 
ing that Dimericine-treated cells eliminate 
mostof the damage within 6 hours, 

In 2001, AGI Dermaties 
reported in the Lancer on a study 
‘of the lotion in people witha rane 
disease called xeroderma pig- 
mentosum (XP), in which a lack of 
DNA repair enzymes leads to very 
high skin cancerrates, Comparedto 
10 XP patients who received a 
placebo lotion, ayear of Dimericine 
‘treatment in 20 XP patients lowered 
the rate of precancerous lesions and 
‘asl cell carcinomas by 68% and 
30%, respectively. (Currently under 
‘way are company-sponsored skin= 
cancer prevention trials in renal 
transplant patients and people with 
athistory of skin cancer.) 

A skin lotion instead of an 
injected drug like Clinuvel’s, 
Dimericine has displayed few side 
effects so far in its tests on people, 
although some could erop up in 
larger trials. Some experts worry 
about artificially triggering the 
ning response using agents that target players in 
the MCIR pathway, especially via drugs 
administered to the whole body and not just the 
skin, The Clinuvel compound forinstance, has 
caused nausea and vomiting in study subjects, 
Therearemore serious hypothetical concerns as 
well. “Ifyou add MSH to melanocytes, they 
divide more quickly” in culture, raising the 
specter of cancer, Rees says. Then, of course, 
there's a sociological question of how many 
pale-skinned people would actually darken their 
skin to protect themselves against skin cancer, 

On the other hand, the incidence of 
melanoma has tripled in the past 40 years 
despite the increased use of traditional 
sunscreens. Given that, D'Orazio, for one, 
thinks t's worth trying to develop novel ways 
to protect people against a ubiquitous, known 
‘mutagen—that is, UV light. 

~INGRID WICKELGREN 
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CLIMATE CHANGE 


Pollutant Hazes Extend Their 
Climate-Changing Reach 


New studies show aerosols from burning fuels altering everything from rainfall to 
great ocean currents, with effects that can girdle the globe 


The microscopic aerosol particle has long 
been recognized as a mighty agent of climate 
change, Ata micrometer or less in size, this bit 
of combustion erud from power plant, tailpipe, 
or farmer's fire can reflect sunlight back to 
space and cool the polluted eastern United 
States, Or it could suppress rainfall over 
smoggy Houston, Texas. But for years, atmos- 
pheric scientists zenerally assumed that pollu- 
tant aerosols worked locally or regionally 
Most dramatically, the brown haze over Asia 
‘weakens both the Indian and As‘ 
that bring essential rains to the continent, 
Now, scientists are finding that the effects 
of aerosols can range far from their source 
region and well beyond the wind-blown trav 
els of the aerosols themselves. The trick lies 
in the well-known heating and cooling 
effects of aerosols, which in turn can shift the 
ample. “Aus- 
tralians have tended to assume [pollutant 
aerosols] are a Northern Hemisphere phe- 
nomenon, [because] our skies are quite blue 
here," says climate modeler Leon Rotstayn of 
Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) Marine and 
Atmospheric Research in Aspendale, Aus- 
tralia, Yet Rotstayn sees signs in his model 


way the wind blows, For e: 


that heavy aerosol pollution over Asia is 
rainfall over dista 
Such aerosol action-at-adistance is tuming 
up in the Western Hemisphere as well. 

So far, the expanding reach of aerosols is, 
being documented primarily in global climate 


increasin, Australia. 


models, with tantalizing parallels with what’ 
been happening in the real world in recent 
decades. In the case of Australia, Rotstaynand 


colleagues ran a glotal climate model to sim 
ulate the changing climate ofthe 20th century 
In the past decade or two, production of 
has soared as developin 

economies cranked up. especially those of 
nd China, When Rotstayn and col- 
es plugged increasing Asian a 
into their model along with increasing 
house gases, rainfall and cloud cover 
increased over Australia, especially in the 
northwest. Yet when they omitted the distant 
aerosols, rainfall and e! 


aerosols over Asi 


rosols 


green- 


widiness decrease: 


contrary to observations. 
In the model. atleast, the aerosols increase 
Australian rain and clouds by alterin 
pheric and oceanic circulation, as the group 
will soon report in the Journal of Geophysical 
Research. Differences in atmospheric pres- 
an drive winds, and pressure can depend, 
n temperature. So when aerosols produced in 
Asia blow downwind toward the Pacific and 
intercept sunlight, they can warm the sur- 
rounding air. At the same time, they cool the 
surface by blocking sunlight. Both those 
effects. in turn, can change how the winds 
blow. especially the rising air of atmospheric 
convection and the horizontal flow of air 
toward that convection. Around Asia, aerosols” 
net effect was to move more moisture-laden 
marine air into Australia, especially the 
northwest part of the continent, and thus 
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increase cloudiness and rainfall 

North American aerosols seem to hold 
sway over a far more massive moisture flow 
the great “conveyor bel” of currents that ear= 
ries heat from the Southern Hemisphere into 
the far North Atlantic, called the meridional 
overturn ation (MOC). That's accord- 
ing to modeling reported in a January 2006 
paper in Geophysical Research Letters (GRL) 
by Thomas Delworth and Keith Dixon of the 
Geophysical Fluid Dynamics Laboratory in 


Princeton, New Jersey. Increasing greenhouse 
gases should be slowing the MOC, according 
toarattofmodels, but in heir model, Delworth 
and Dixon found that aerosols counter the 
effect of the strengthening greenhouse on the 
MOC. By counteracting the greenhouse’s 
\warming and its enhance 
at high latitudes, the aerosols have delayed the 
MOC's slowing by roughly 40 years, they 
find, Modeler Wenju Cai of CSIRO Aspenddale 
and colleagues found a similar aerosol- 
induced MOC slowing in their model, as they 
reported last November in GRL. 

The record for long-range effects 
raatural, dusty aerosols over the Sah 


rent of precipitation 


by sooty aerosols over East Asia, according 
to a report last September in the Journal of 
‘Climate by Maeng-Ki Kim of Kongju National 
University in South Korea and colleagues. The 
group found that in their model, dust raised 
‘over the springtime Sahara warms in sunlight. 
inducing air to rise there, That air eventually 
falls over southern Europe, warming the 
region. Then, much as an El Nifo’s tropical 
warmth ean form an “atmosph wo 
change distant weather, this aerosol-induced 
circulation transmits some of its energy east- 
\wand. That shift alters atmospheric cireulation 
tothe east, bringing unusually cold air down to 
the Caspian Sea region 

The sunlight-absorbing aerosols of East 
Asia extend this atmospheric bridge as far as 
the westem Pacific. bringing added warmth to 
central and northeastern Asia, The model's 
pattern of springtime cooling and 
relative to broader trends be 


strong resemblance to actual trends, say Kim 
and his colleagues. Perhaps the thickening 
brew over Asia is also driving temperature 


changes over Eura 

‘Untangling the web of aerosol effects will 
take a while. In the meantime, aerosol emis- 
sionsare changing. North American and west- 
ern European hazes have faded as developed 
countries reduced their emissions for health 


they say. 


reasons. When will the developing nations of 
Asia follow suit? What will be the effects? 
Researchers will lik 
up as the air clears. 


RICHARD A. KERR 
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To Sleep, Perchance to Dream 


IN HIS PERSPECTIVE “WHAT DO ROBOTS DREAM OF?" (17 NOV. 2006, 
p. 1093), C, Adami provides an interesting interpretation of the 
Report “Resilient machines through continu. 

J, Bongard et al. (17 Nov. 2006, p. 1118). Bong 
robot with an algorithm of its stored sensory data to indirectly infer 


us self-modeling” by 


nd eral. designed a 


its physical structure, The robot was able to 


more adaptively by manipulating it 


ae forward motion, 


it to compensate for simu 
lated injuries. Adami equates this algorithm to “dreams” of prior 
actions and asks whether such modeling could extend to environ: 


mental mapp) 


bot could 


ithms. Ifthis were possible, then 
explore a landscape until it is challenged by an obstacle; overnight, 
it could replay its actions 


inst its model of the en and 


generate (or synthesize) new act 


ns to overcome the obstacle (i.e 
‘dream up” alternative strategies). It could then return the next day 
With a new approach to the obstacle 
This work in robotics complements current findings regarding 
in humans. There is now strong evidence in 


jor (J) and 


sleep and dreamin; 


human steep research showing d 
visual (2) tasks is stron; 


at performance on m 


y dependent 
on sleep, with improvements consistently 


ater When sleep occurs between test and 
retest, This is generally believed to be 
related to neural recoding 


processes that are 


possibly connected to dreaming during sleep 


(3), However, when one considers human 


dreaming, it is not a simple replay of 


daily scenarios. It has complex, dis- 


torted images from a vast variety of 


arranged in a random, bizarre fashion 
(4). If we are to model such activity in 
robots, we would need to have some form 
of 


and combines it in unique arrays, This could be a way to 


hm that randomizes memory 


generale unique approaches to scenarios that could be simulated. 
Otherwise, how else would scenario replay be an improvement over 
repeated trials in the environment? 


The study of human phenomena can be extremely difficult, and 


the study of sleep and dreaming is no exception (5). Robots would 
be ideal experimental subjects in many ways. Robots do not forget 
things. do not censor what they report, will not have problems sleep 


ing. will not be bored by the tasks, are not 


and are not distracted by the laboratory or experimenter, 


Adami states that the discipline of experimental robot psychol- 


ogy may not be far off. I say, “Bring it on! 


RUSSELL CONDUIT 


Lectute, School of Psychology, Pychiatry and Paychological Medicine, Monash University, 
Clayton, VIC 3800, Australia, 
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Response 


CONDUIT DISCUSSES RECENT WORK BY 
Bongard et al. 


ight of dream research. 1 
argued in my Perspective 
action synthesis that 


at the periods of 
re interspersed with 


periods of physical testing of actions could 


be interpreted as “robotic dreams” and spec- 


ulated about a future discipline of experi 
mental robotic psychology. Conduit sug- 


ts that, more than replaying the past days 
events, human sleep consists of arrays of 
apparently randomly juxtaposed memories 


from different times and p 


s in memory, move ley 


and that these unique experiences (that do 


not exist in reality) are perhaps th 
for the “creative leap” that sometimes fi 


lows restful sleep, 


els of itself and its ability 
it is checking whether a particular physical 


ble with the remembered result (say. 


given the robot's self-modeli 
words, the robot is not rethinking the day's 
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But the periods 


events, but rather imagining possible self- 
ght of the day’s events, Only 
after this phase does the robot look for 
actions that could discriminate between 
models, If we would translate this algorithm 
into one where a robot is to infer a model of 
the environment rather than self, it would be 


y to 


between physical act- models in 


ithm 


ions in the al 
of Bongard er 
by no means just re- 


plays of the previous 
days’ events. Rather, 
during those periods 


necessa nerate as wide a variety of 


environments as possible, so that mental tri 
als of actions would have a better chance of 


the robot is evalu: 
candidate mod- 
9 respond, that is, 


ing a response compatible with what 
is remembered. In such a case, pethaps the 


ward”) is compati- jagged and discontinuous nature of dreams 


tilt 3s a combinatorial algorithm 
I others the same”) ate as much diversity in envi- 
In other ronment models as possible. But to generate 


behaviors that discriminate between these 
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potential models, we would have to ima 
living and navigating in them. Which, it 
seems to me, We do, but only in our dreams. 

‘CHRISTOPH ADAM 


Keck Graduate institute, Claremont, CA 91723, USA. 


Response 
THE ANALOGY BETWEEN MACHINE AND 
human cognition may suggest that reported 
bizarre, random dreams may not be 
entirely random, The robot we described 
did not just replay its experiences to build 
consistent internal self-models and then 
“dream up” an action based on those mod- 
els. Instead, it synthesized new brief actions 
that deliberately caused its competing inter- 
nal models to disagree in their predictions, 
thus challenging them to falsify less plausi- 
ble theories and, as a result, improving its 
‘overall knowledge of self. It is possible that 
the mangled experiences that people report 
as bizarre dreams correspond to this uncon 
scious search for actions able to clarify their 
self-perceptions. Many of the intermediate 
candidate models and actions developed by 
the robot (as seen in Movie SI in our 
Supporting Online Material) were indeed 
Very contorted, but were optimized none- 
theless to elucidate uncertainties. Edelman 
(J), Calvin (2), and others have suggested 
the existence of competitive processes in 
the brain, Perhaps the fact that human 
dreams appear mangled and brief is exactly 
because they are—as in the robot—“opti- 
mized” to challenge and improve these 
competing internal models? 

Indeed, analogies between machines 
learning from past experiences and human 
dream: ¢ potentially very fruitful 
and may be applicable in both directions, 
Although robots and their onboard 
algorithms are clearly simpler and may bear 
little or no direct relation to humans and 
their minds, it may be much easier to 
test hypotheses about humans in robots. 
Conversely, ideas from human cognition 
research may help direct robotic research 
beyond merely serving as. inspiration 
Specifically. it is likely that as robots 
become more complex and their internal 
models are formed indirectly rather than 
being explicitly engineered and represented. 
indirect probing techniques developed for 
studying humans may become essential for 
analyzing machines too. 

HOD LIPSON,* VICTOR ZYKOV,* 


JOSH BONGARD® 
Department of Mechanical and Rerospace Engineering, 
CComell Univesity, ithaca, NY 14853, USA “Department of 
Computer Science, Unversity of Vermont, Burlington, VT 
(05405, USA. 
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Online Versus Hardcopy 
Textbooks 


SEVEN YEARS (2000-2006) OF ANALYSIS OF 
1751 introductory lab science students in 10 
te University 
lly significant differences 
in class performance between online (81.2 
11.0) and hardeopy (80.8 + 10.8) textbook 
users. In a required physical geography lab 
science class, students were given the option 
of using either an online (n = 760) or a hard- 
copy (1 = 991) text to reinforce leaming such 
topics as Wien's law, invading species, disso- 
lution of minerals, Chezy-Manning equation, 
and glacial processes. By any measure, the 
hardcopy texts were more sophisticated than 
the online alternative, even though the basic 
information remained similar. Yet, even after 
disaggregating data into different semesters, 
iplines, class, GPA, age. ethnicity, 

eneration 
college student, no statistically significant di 
ferences emerged. Given the importance of 
required lab courses in shaping opinions of 
college-educated citizens about the impor- 
tance of science, and given the growing 
sentment expressed by students over increas- 
ingly high-priced textbooks, similar studies in 
other general education lab science disci- 
plines would seem justified. 


RONALD |, DORN 


‘School of Geographical ences, Arizona State Univesity, 
Tempe, AZ 85287-0104, USA. 


Is the EC Afraid of 
Its Own Visions? 


IN A VISIONARY PHASE OF POLITICAL 
decision-making. the European Commis- 
sion (EC) initiated new instruments of 
research funding within its 6th Framework 
Programme (FP 6), including the Integrated 
Projects (IPs), large-scale imerdisciplinary 
programs. The first ones started in early 
2004 with several tens of partner organi- 
zations and funding beyond 10 million 
Euro. In FP 7, launched on 22 December 
2006, this instrument was sealed down 
and—at least for the first funding eyele— 
nearly abandoned. 

Why has this change been made? Will 
most of these IPs, which have at least two 
more years to go, be failures? 


Since February 2004, we have coordi 
nated the IP ALARM (/), which is made up 
of 67 partner organizations and 250 scien- 
tists from 35 countries and receives EC 
funding of nearly 13 million Euro, ALARM 
fgcuses on some of the main drivers of 
biodiversity change [climate and land use 
change, environmental chemicals, invasive 
species, and loss of pollinators (2)] and com- 
bines ecological, environmental, and eco- 
nomic research. The consortium includes 
‘many leading scientists, who increasingly 
appreciate the opportunities offered through 
a project of such size and scope, e. 
forming new teams conducting inter 
transdisciplinary research, 

This is exactly what is ungently needed! in 
science. as expressed by Carpenter et al. (3): 
“Meeting the research needs described will 
require new coalitions among disciplines 
that traditionally have been isolated....The 
[Millennium Ecosystem Assessment] has 

road map; now, We need to start 
We think that large integrated 
projects have the clear potential to fulfil 
these requirements, 

By initiating the IP instrument, the 
European Commission created considerable 
support to get the journey started. Do they 
now intend to stop halfway’? 

JOSEF SETTELE, INGOLF KUHN, STEFAN KLOTZ, 
VOLKER HAMMEN, JOACHIM SPANGENBERG 
Helmholtz Centre for fnvitonmental Research-UFZ, 
Theodor-Liesr-Surasse 4, Hale Saal) 0-06120, Germany 
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CORRECTIONS AND CLARIFICATIONS 


[News of the Week: “New Swiss influenza database to test 
‘promises of access” by M. Enserink (16 Feb, . 923). Amos 
Baitoch ts not the director of the Swiss Institute of 
Bioinformatics (S18), as the article stated, but rector ofthe 
‘SwissProt group at SUB, aswel as director ofthe Structural 
‘Biology and Bioinformatics department ofthe University of 
Geneva. The IB's directors Ernest Feytmans. 

Special Section: Sustainability and Energy: News: 
“Catalyzing the emergence ofa practical biorefinery” by 
‘A ho (9 Feb., p. 795). The Pacific Northwest National 
Laboratory isin Richland, Washington, not Hanford, 

News Focus: “Judging Jerusalem” by A. Laver (2 Feb, 
1. $88), Dr. Eilat Mazar isa senior fellow atthe Shalem 
Center, an academic research institute in Jerusalem, She 
beads its archaeology institute, which sponsored the dig in 
the City of Dai. 

Reports: “Highly siderophile element constraints on accre- 
tion and differentiation ofthe Eath-Moon system” by J. ML 
1. Day e a. (12 Jan, p. 227). n the fist sentence ofthe 
second full paragraph on page 218, LaPaz, Bolivia, was 
Incorrectly named asthe location of meteoritc samples. 
The corrected sentence should read, “We report precise 
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Os-isotope- and HSE-abundance data (table $1) for five 
basalts from the Apollo 15 mission, sx from Apollo 17, and 
six lunar basalts of meteoritic origin from LaPaz ceed, 
Antarctica, that were obtained by using anultradow-blank, 
Isotope dilution digestion technique (22).” 

This Week in Science: “Rubidium-rich stars” (15 Dec 
2006, p. 1653). Both instances of “Ru” should have read 
“HR,” Rb is the symbol forthe element rubidium 


News Focus: “Getting a read on Rett syndrome” by 6 
Miller (8 Dec, 2006, p 1536). Due tan editorial or, the 
article implied that a genetic manipulation that restored 
‘Mecp2 gene expression in mice ould potentially be used to 
‘reat people with the disorder, This manipulation was oy 
possible because ofthe way the gene was initially turned off 
inthe mice. could not be used to undo the mutations that 
Cause Rett syndrome in burmans 


Letters to the Editor 


UPCOMING FEATURES: 
April 6 — 


EUROPE’S BRAIN GAIN 


ith significant increases in funding, and the cre- 
ation of the European Research Council, Europe 
is quietly making its presence felt as a science 
and technology hub. We track the expansion of funding 
and career opportunities as the European U 
ues to grow and strengthen as a global science leader. 
For the full story turn to page 1289. 


Careers in Cancer Research 
April 20 — Postdoctoral Careers: Transferable Skills 
April 27 — Biotech and Pharma 


Perspectives: “Breaking the H, mariage ad reuniting the 
‘couple by G. Kuba (17 Now. 2006, p. 1096). In tine 8 of 
the first paragraph, “10 tons of ammonia fertilizer” 
should instead read “10* tons of ammonia fertilize.” 


Brevia: “The 160-tilobase genome of the bacterial 
lendosymbiont Corsonella” by A. Nakabachi eta. (13 Oct 
£2006, p. 267). The last sentence ofthe second paragraph is 
incotret. It should read, “The genome size, which was fur 
ther confirmed by long-range electrophoress, i only about 
‘one-third that of the archaeal parasite Nanoarchoeum 
‘equitans (which i 491 kb) (3) and that ofa Buchnera strain 
(which has the second smallest bacterial genome, at 422.4 
ib) 4)" The cumren reference (@) shou be replaced bythe 
following reference: V. Péree-Brocal etal, Science 314, 
312 (2006) 


TECHNICAL COMMENT ABSTRACTS 


Comment on “Detecting Awareness in 
the Vegetative State” 
Parashkev Nachev and Masud Husain 


Ina report ofa single pater in a pesitent vegetative sate 
‘Owen eta. (Brew, 8 September 2006, . 1402) claim 
that the presence of task-specfic brain activation in 
Fesponse to verbal command implies bath covert conscious 
‘awareness and a capacity for ietention, We argue that net 
ther can be securely interred from the evidence presented, 


Fulltext at wre sdencemag orpiegicontertIdv315/5816/ 
1221a 


n-contin- 


www.sciencecareers.org/businessfeatures 
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Comment on “Detecting Awareness in 
the Vegetative State” 
Daniel L. Greenberg 


Owen eal. (Brevia, 8 September 2006, p. 1402) claimed 
that a patient’ brain activity revealed that she was con: 
‘scously responding to commands despite being in a vege 
tative state. However, several altemative explanations were 
notetminated. Specifically, the activity could reflect uncon: 
Sous reactions to the last word in the command, nat co: 
sous decisions to respond. refined experimental design 
oud cai these issues. 

st at wa scencemag.orglgicontent/Ad/315/5816/ 


ResPONSE To COMMENTS ON “Detecting 
Awareness in the Vegetative State” 


‘Adrian M. Owen, Martin R. Coleman, Melanie 
Boly, Matthew H. Davis, Steven Laureys, 
Dietsje Jolles, John D. Pickard 


Additional data, supported by relevant functional neu: 
foimagingiterature conti thatthe “normal” patterns of 
brain activity reported in a patient who was clinically diag 
nosed as vegetative could not have occurred “avlomat 
Cally" inthe absence of conscious anareness. The mos par 
simanious explanation remains that this patient was con: 
scously anare despite her diagnosis of vegetative state 
Fulltext at wn scencemag orgfegicontert/MuU315/5816/ 
wie 
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AGRICULTURE 


Looking Beyond Corn and Petroleum 


Tobias Plieninger 


ew North Americans would consider 
corn their staple food of choice. But 
look at some figures suggests a 


different reality 
330,000 kn of U.S. farmland, corn produc- 


tion amounts to 430 million m} per year, and 
one out of four supermarket items are based 
The 
impressive than the extent to which corn has 


on corn, only thing that seems more 
found its way into our food is the subtlety 
of this process, People do not directly con- 
sume most of their com; instead it appears as 
component in the production of steaks, ham- 
burgers, milk, soft drinks, snacks, and count 


less other foods, Recently, it has entered the 
production stream in another form, as the 
source of ethanol for fuel 

In The Omnivore’® Dilemma, Michael 
Pollan explores the food chains that link two 
biological systems, the soil and the human 
body, to address the question of what to eat 


Not 


the conflict between “neophilia” (the 
fort of V 


iety) and “neophobia” (the fear 
of ingesting anything new), he examines the 
pleasures and pains that flow from our having 
a wide range of diet options. Pollan (a profes- 
sor of environmental and science journalism 
at the University of California, Berkeley) 
by nal 


ns by describing America’s “nat 


cating disorder,” manifest in “a notably un: 
healthy people obsessed by the idea of eating 
healthily." Using his personal experiences and 
1 review of ecological and anthropological lit- 
eratures, he tries to help orient disoriented 
consumers by tracing the origins of three 
dramatically different diets: the industrial 


and hunter-gatherer diets. With the 


help of three protagonists —lowa corn farmer 
Naylor, Shenandoah Valley 

Joe! Salatin, and Italo-American 
Pollan devotes 


Ge grass 


faurme 


Dod 
aficionado Angelo Garro 
each section of this multifaceted book to trac- 
ing a complete food chain from the earth to 
the plate 

| particularly enjoyed the first chap 


comprehensive analysis of the political ecol- 


ogy of corn, Corn, the “keystone species of 
the industrial food chain,” scored a triumph 
unchallenged in the plant world by both colo- 


gricultural landscapes and inhabiting 


The reviewer isin the Rural Land Uses Research Group, 
Berln-Brandenburg Academy of Sciences and Humacities 

i Brandenburg University of Technology, Sgerstate 
23, 10117 Berlin, Germany. Email: pleninger® 
bhawde 


human bodies. It has become a 
basic commodity for animal 
feed. complex foods, fiber, and 
fuels. As Pollan shows, our 
interdependency with corn is 


3 question whether we really 
have domesticated corn or 
whether com has changed us t 


globe and to dedicate large areas 
of land to 
a thought tha 
book, The Be 

The journey al 


its cultivation 


Jaborated on in his previous 


‘of Desire (I 
the industrial food 


chain starts in a cornfield in lowa, a state that 


unding increase of agricul 


has seen an ast 


tural productivity and efficiency over the last 


100 years. Pollan notes that despite (or per- 


haps because of) corn yields increasing 10. 
fold since 1920, today’s corn pricesare consis. 


tently low: But heangues convincingly 


cheap com comes at a steep price: farmer 


bankrupt in the footrace to break even. When 
corn prices deere cers bear the bur- 
den of the federal farm policy subsidizin 


endure land degradation and water pollution, 


the industrial food chain, corn is refined to 


meat. This occurs in places so different from 


the tradi 


onal understanding of a farm that a 


hhad to be invented: the confined 


operation. These feedlots 


ming parallels to a medieval city 


Endless sows of cox 
Sma eg i 


The Omnivore's 


before the days of modern sanitation (with the 
jes being the 


hly efficient in 


exhaustive application of amtibic 


main difference). They are hi 


the production of cheap meat, But again, 
Pollan presents a persuasive case that this 
meat is not cheap at all, ifthe 
societal costs (e.g. antibiotic 
resistanee and the environ- 
‘mental costs of animal wastes) 
are considered. 

Another iconic strand of 
the industrial food chain that 


Pollan traces throughout the 
book is petroleum, We learn 
that US. 
fully dependent on the energy 


from the sun, has become so 
reliant on fossil fuels that it 
now takes more than a calorie of fossil fel to 
produce a calorie of food, Nearly 20% of the 
current U.S. consumption of fossil fuels goes 
to the production and distribution of food, 
The author presents a variety of visions for 
alternative agriculture as co 


jermeastres 10 
the conventional corn- and petroleum-fed food 
elling advantay 


chain, He outlines cony $108 


comprehensively sustainable, “pastoral” 
ing system for human health and the environ 
ment; Monocu 


cultures; soil nutrition ean be derived from farm 


\watstes instead of from imported fertilizer, entire 
agricultural systems can be oriented on biologi= 
cal rather than mechanical principles, However. 
the book leaves unanswered the crucial question 
of how alternative farming modelscan be scaled 


ply a growing and increasingly urban- 


Iis clear from The Omnivore’® Dilemma 


that Pollan fi 


's more sustainable and nutri- 
aves the choice of 
albeit he 


tious agriculture, but he le 


food chains open to his readers 


doesnot hide his preference for grass farming 
He acknowledges that food consumption is a 
trade-off that one has to personalize accordin 
to one’s ethical standards, However, that per- 
sonal approach is complicated by the fact that 


the average consumer rarely has the informa 


tion necessary to reach a carefully considered 
ies in favor of 
nd advocates shorter, less 
complex, and more visible food chains: “Were 
the walls of our meat industry to become 
we would not lon 
at animals the way we do.” 


transparent 
raise, kill, and 


tinue ts 


Reference 
1, M.Foltan, The Botony of Desie:APlant’s-Eye View of he 
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Showing Some Skin 


Qais Al-Awqati 


beloved, but it is our flushed 


face that gives our et 


vince your nei 


geon to tattoo your liver as 
a way of advertising that you 
belong to some gang. that won't 
protect you from being knifed, 
Nina Jablonski’s Skin promises 
to show how skin reflects our age, 
health, ancestry, and cultural identity 

An author contemplating writing a book 


about an ongan is faced by two choices, Does 


she want to write a guided tour ofits structure 


and finnctions? Or would she prefer to concen 
trate ona few things she thinks are emblematic? 
Jablonski, a physical anthropologist at Penn 
sylvania State University chose the former. She 


hhas written what can be described as an 


r= 
ductory text tothe study of the skin, slim vor 
‘ume of 175 pages of text supplemented with an 
additional 65 pages of notes, glossary, and bib- 
liography. The reader learns, for example, the 
skin's cellular components the role of sweatin 
human evolution, and the importance of touch 
in human communication. The author also dis- 
cusses the consequences, good and bad of hav- 


ing different skin colors and the many ways 


The reviewer is in the Department of Medicine and the 
Department of Physiology, College of Physicians and 
Surgeons, Columbia University, 630 West 168th Street 
New York, NY 10032, USA. E-mail gal@columbia.eds 


by Nina G. Jablonski 


humans have used the skin 
as billboards of the self to 
advertise group solidarity or 


difference 
In its discussion of the hu- 
man skin, the book's principal 
theme is evolution, and almost 
every page contains that word, 
There have been many splet 
did examples of books focused 


‘on the evolution of an org 
or one of its functions. One 
that comes to mind is Ashley 
Touching: The Human 
ficance of the Skin, 
ful and influential ac- 
count of the cultural aspects of 
the sense of touch (/). A best 
seller in its time, it remains in 
print decades after its public 
tion, One reasor 

is that Monta, 
with all its connotations of dry academic 
ind a lack of narrative drive, Jablonski, 
‘on the other hand, seems to lack a clear view 


for its success 


a “textbook, 


1 woided writing 


prose 


¢ level of expertise of her intended audi- 

ence, Too often, technical medical terms pop 

up in the text never to be men- 
un 

th the author wants 


oned 
Althou 
to provide 


wh evolutionary per= 
ibutesof skin 


\ccounts she pro- 


spective on all 


biology, the 


vides seldom rise 


bove the pro- 
vision of plausible hypotheses. 
Is it really tru 


that we were 


selected to be hairless sweaty 


‘creatures? That sounds possible, but what is the 
actual evidence fo 
true that vitamin D syn 
interaction betw 


such an assertion? Is italso 
esis. a major locus of 
sunlight and diet, is the 
dominant factor in the natural selection of skin 
color? This ide 


is simply presented without 
any of the documentation that would make a 
convincing story. One would like to see the evi- 


dence of how rickets (vitamin D deficiency) 
might act as an agent of evolutionary selection. 

For many subjects where an anthropologist 
could have provided an excit 


such as the roles of tattoos, body piercing. 
scars, of henna drawing—the book offers 
nded definitions than 
to in-depth considerations of the n 
social interaction. | would have loved, for 
example, a riff on the recent explosion of 
tattoos and piercings among young people 
from economically privileged backgrounds. 
The topic is only touched on in the chapter 
“Statements,” and the search for individual 
difference is not placed in its social context. 
The thorny issue of the social construction of 


something closer to ext. 
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Skin shaped through time 


the roles of skin color is reduced again to 
brief survey of skin color biology and its evc 


Jutionary implic 


Scientists writing for broad audiences tend 
to write about the focus of their own work. 


Although only a few of Jablonski’s research, 
papers address skin evolution, the lack of deep 
expertise need not prevent nonspecialist from 
pulling together findings from dif 
to generate an exciting, even fresh view 
An enviable © 


rent fields 


of nature 


nple is Jared 
Diamond's Guns, Germs, and Steel (2). (Di 
mond. incidentally, has provideda very positive 
blurt for the book jacket.) Unfortunately, Skin 
suffers by comparison, as it lacks the narrative 


drive, coherent theme, and telling anecdotes 
he 


book's extensive notes, 


that so € amond’s book, However, the 


nd references testify to 
Jablonski’s hard work and wide reading; their 


diversity encompasses the mutational analysis 


of the melanocortin-1 receptor, identification 


of new genes in zebrafish, chemistry of mel: 
and anthropological studies of warriors. 
That breadth may be the book's principal 


strength. Skin offers a nd well- 


accessible 


referenced overview of many aspects of the 
biology of human skin, Although none of the 
sections is comprehensive enough to serve as a 


primary resource, the book asa whole explains 
why we should care about its subject. Beauty 
may only be skin deep, but Jablonski shows us 
that the skin, be it thin or thick, is the true 
mirror ofthe soul 
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NUCLEAR WAR 


Consequences of Regional-Scale 


Nuclear Conflicts 


Owen B. Toon,’ Alan Robock?* Richard P. Turco? Charles Bardeen,’ Luke Oman2* 


Georgiy L Stenchikov? 


he world may no longer face a serious 
Te tof global clear warfare but 
zional conflicts continue. Within this 
milieu, aequiting nuclear weapons has been 
considered a potent political, military, and 
social tool (1-3). National ownership of 
nuclear weapons offers perceived interna- 
tional status and insurance against a 
at a modest financial cost. Against this back- 
drop, we provide a quantitative assessment of 
the potential for casualties in a regional-se 
nuclear conflict, ora terrorist attack, and the 
associated environmental impacts (4, 5). 
Eight nations are known to have nuclear 
weapons. In addition, North Korea may have 
a small, but growing, arsenal, Iran appears to 
be seeking nuclear weapons capability, but 
it probably needs several years to obtain 
enough fissionable material, OF great 
concern, 32 other nations—ineluding 
‘Argentina, Japan, South Korea, and 
have sufficient fissionable mat 
als to produce weapons (I, 6). A de facto 
nuclear arms race has emerged in Asia 
between China, India, and Pakistan, which 
could expand to include North Korea, South 
Korea, Taiwan, and Japan (1). In the Middle 
East, a nuclear confrontation between Israel 
and Iran would be fearful. Saudi Arabia and 
Egypt could also seek nuclear weapons to 
balance fran and Israel, Nuclear arms pro- 
grams in South America, notably in Brazil 
and Argentina, were ended by several treaties 
in the 1990s (6). We can hope that these 
agreements will hold and will serve as a 
model for other regions, despite Brazil's new, 
lange uranium enrichment facilities 
Nuclear arsenals containing 50 or more 
‘weapons of low yield [15 kilotons (kt), equiv= 
alent to the Hiroshima bomb] are relatively 
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easy to build (/, 6). India and Pakistan, the 
smallest nuclear powers, probably have such 
senals, although no nuclear state has 
ever disclosed its inventory of warheads (7), 
Moder weapons are compact and light- 
weight and are readily transported (by 
truck. missile, plane, or boat} (8). The basic 
concepts of weapons design can be found on 
of the Internet. The only serious obstacle to 

onstructing a bomb is the limited availability 
of purified fissionable fuels, 

There are many political. economic, and 
al factors that could trigger a regional 
plus many scenarios for 
the conduct of the ensuing war. We assumed 
(4) that the densest population ce 
each country—usually in megacities—are 

tacked. We did not evaluate specific military 
targets and related casualties. We considered 
nuclear exchange involving 100 weapons of 
15-Kt yield each, that is, ~0.3% of the total 
number of existing weapons (4). India and 
Pakistan, for instance, have previously tested 
nuclear weapons and are now thought to have 
between 109 and 172 weapons of unknown 
yield (9). 

Fatalities were estimated by means of a 
standard population database for a number 
of countries that might be targeted in a 
regional conflict (see figure, above). For 
instance, such an exchange between India 
and Pakistan (/0) could produce about 21 
million fatalities—about half as many as 
occurred globally during World War II. The 
direct effects of thermal radiation and 
nuclear blasts, as well as gamma-ray and 
neutron radiation within the first few min- 
utes of the blast, would cause most casual- 
ties. Extensive damage to infrastructure, 
contamination by long-lived radionuclides, 
and psychological trauma would likel 
result in the indefinite abandonment of lang 
areas leading to severe economic and social 


repercussions. 

Fires ignited by nuclear bursts would 
release copious amounts of light-absorbing 
smoke intothe upper atmosphere. If 100 small 
nuclear weapons were detonated within cities, 
they could generate 1 to 3 million tons of car- 
bonaceous smoke particles (4), darkening the 
sky and affecting the atmosphere more than 


Numerous deaths and dangerous climate 
effects would result from use of low-yield 
nuclear weapons being stockpiled in many 
parts of the world. 


geting 
Bra 
China 
Ep 
France 
india 
tran 
trae 
Japan 
Pakistan 
asia 
ux. 
us. 


Fatalities predicted due to immediate radiation, 
blast, and fire damage from an attack using 50 
nuclear weapons with 25-kt yield on various coun- 
Uiies, Airbursts were assumed. Estimates for ground 
bursts, including early radioactive fallout, are about 
25% less (4. 


major volcanic eruptions like Mt. Pinatubo 
(1991) of Tambora (1815) (5). Carbonaceous 
smoke particles are transported by winds 
throughout the atmosphere but also induce 
circulations in response to solar heating 
‘Simulations (5) predict that such radiative- 
dynamical interactions would loft and stabi- 
lize the smoke aerosol, which would allow it 
to persist in the middle and upper atmosphere 
for a decade, Smoke emissions of 100 low- 
Yield urban explosions in a regional nuclear 
conifict would generate substantial global- 
scale climate anomalies, although not as large 


as in previous “nuclear winter” scenarios fora 
full-scale war (/1, 12), 
However, indirect ef 
land temperatures, precipit 
growing season lengths (see figure 
1225) would be likely to degrade ag 
tural productivity to an extent that histo 
cally has led to famines in Africa, India, 
and Japan after the 1783-1784 Laki erup- 
tion (/3) or in the northeastern United 
States and Europe after the Tambora erup- 
tion of 1815 (5). Climatic anomalies could 
persist for a decade or more because of 
smoke stabilization, far longer than in pre- 
vious nuclear winter calculations or after 


son surface 
jon rates, and 
page 


volcanic eruptions. 
Studies of the consequences of full-scale 
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now 


wore 180" 


‘Change in growing season (period with freeze-tree days) inthe first year alter smoke release from 100 25-kt nuclear explosions [modified from figure 22 in (5), 


nuclear war show that indirect effeets of the 
\war could cause more casualties than direct 
‘ones, pethaps eliminating the majority of the 
world’s population (/1, 12). Indirect effects 
such as damage to transportation, ener 
medical, political, and social infrastructure 
could be limited to the combatant nations in 
a regional war, However, climate anomalies 
‘would threaten the world outside the combat 
zone, The predicted smoke emissions and 
fatalities per kiloton of explosive yield are 
roughly 100 times those expected from esti 
mates for full-seale nuclear attacks with 
high-yield weapons (4). 

Unfortunately, the Treaty on Non- 
Proliferation of Nuclear Weapons has failed 
to prevent the expansion of nuclear states. A 
bipartisan group including two former US. 
ries of state, a former secretary of 


Armed Services Committee has recently 
pointed out that nuclear deterrence is no 
longer effective and may become dangerous 
(3). Terrorists, for instance, are outside the 
bounds of deterrence strategies. Mutually 
assured destruction may not function in a 
world with large numbers of nuclear states 
with widely varying political goals and 
philosophies. New nuclear states may not 
have well-developed safeguards and con- 
trols to prevent nuclear accidents or unau- 
thorized launches. This bipartisan group 
detailed numerous steps to inhibit or prevent 
the spread of nuclear weapons (3). Its list. 
with which we concur, includes removing 


nuclear weapons from alert status to reduce 
the danger of an accidental or unauthorized 
use of a nuclear weapon: reducing the size of 
nuclear forces in all states: eliminating tae- 
tical nuclear weapons; ratifying the Com- 
prehensive Test Ban Treaty worldwi 
securing all stocks of weapons, weapons 
usable plutonium, and highly enriched ura- 
nium everywhere in the world; controlling 
turanium enrichment along with guarantee 
ing that uranium for nuclear power reactors 
could be obtained from controlled interna- 
tional reserves: safeguarding spent fuel from 
reactors producing electricity; halting the 
production of fissile material for weapons 
globally: phasing out the use of highly en- 
riched uranium in civil commerce and 
research facilities and rendering the mater 

ls safe: and resolving regional confronta- 
tions and conflicts that give rise to new 
‘nuclear powers. 

The analysis summarized here shows 
that the world has reached a crossroads. 
Having survived the threat of global 
nuclear war between the superpowers so 
far, the world is increasingly threatened by 
the prospects of regional nuclear war. The 
consequences ale nuclear 
conflicts are unexpectedly large, with the 
potential to become global catastrophes. 
The combination of nuclear proliferation, 
political instability. and urban demograph- 
ics may constitute one of the greatest dan- 
gers to the stability of society since the 
dawn of humans. 
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PHYSICS 


Negative Refraction for Electrons? 


J.B. Pendry 


that otherwise would proceed 
rate paths, In the world 
of optics, for example, researchers 


have been studyi ven 


fraction, a phenomenon that a 


lows “perfect” optical lenses (/, 2) 


that can focus light beams to 
extremely fine points, Condensed 
matter physicists, on the other 
hand, are unraveling the unusual 


properties o 


raphene, a material 
that consists of single sheets of 
cearbon atoms (3), Nowa report by 
Cheianov er al. on page 1252 of 
this issue (4) combines these two 
ally fruitful way 


areas in a poten 
On the basis of theoretical results, 
the authors claim that the electron 
equivalent of negative refraction can be 
ph 


achieved in a monolayer of graphite (y 
ene) and exploited (0 focus electrons with 


high precision, 
In graphite, carbon 


wed as 
h 


planar hexagons, 


‘atom connected by three bonds to its nel 


bors, The bonding between the sheets is rela 
tively wee 
sheared which is what makes ita good lube 
cant, Recently, it has been reported that indi- 
vidual sheets of graphene can be isolated (3) 
and sophisticated experim 


k, however, so that 


phite is easily 


be per- 
formed on them, 


sal two-dimensional sys- 


Graphene is an id 
tem, and interest in it is compounded by the 
unusual 


ature of its electronic spectrum. The 
basic concept that physicists use to understand 
such electron behavior in solids is called the 
Fermi surface. This is a boundary that se 
rates the unfilled orbitals from the occupied 


ones and has a structure that depends on the 
symmetry of the atomic lattice. Metals are 
conductive because the Fermi surface inter- 
zy ba 


tinuous ranges of allowed energy created 


sectsa set of electronic ene! ids (the con- 


when many atoms having diserete energy lev- 


els are joined together). That is, the electrons 


can flow easily among the orbitals. In semi- 


The authori atthe Blackett Laboratory, Imperial College 
London, London SW7 2AZ, UX. E-mail} pendry@imperial 
ack 


Focusing electrons. (Left) Ves 
relative to the surface normal. Light formerly diverging from a point source in the object plane is set in reverse and con: 
verges back to a point. (Right) Computer simulation of electron charge density on graphene showing similar focusing, 
Adapted from (4)] 
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tago’s lens: A negative re 


ey bands interact with 
lit 
sap. The Fermi level lies in this gap, 


conductors, two ene 


‘one another and 


maki 
ductor is doped or heated so as to fill the con- 
duction band with a few 


them insulators, unless the semicon: 


However, 


aphene is neither metal nor 
semiconductor. A semiconductor can be doped 
with impurity atoms, creating two different 


types of materials, p-type or n-type, essentially 
formin, 
n 
of 
equivalent carbon a 
try forbids the in 


the basis for all semiconductor tech- 


But the peculiar hexagonal symmetry 
raphene, in which the unit cell contains two 
ms, means that symme 
and bands cross at 


the Fermi energy without er 


infinitesimal perturb 
energy into either the 
making the sys 


the lower bane, 


m either a p-type conductor if 
the Fermi energy is lowered into the valence 
band or an n-type conductor if 
the conduction band. In fact, the Fermi energy 
can be moved simply by applying a gate volt: 


is raised into 


age to the graphene layer. 
‘Symmetry has another consequence in the 


graphene system. If we kunch a pulse of elec- 


trons into a conventional material such as cop- 
per. the maxima and minima of individual 
wavelets making up the p a 


se move 


the same direction as the pulse. Technically 
the 


velocity and the wave 


speaki 
velocity ha 


the same sign. This statement is 


also true if we launch electrons into the con- 


VOL 315 


active index medium (n 


The peculiar properties of graphene, which is 
neither semiconductor nor metal, may allow 
its electrons to be focused like light. 


=1) bends light toa negative angle 


duction band of graphene, However, although 
the valence band is closely related to the con: 
duction band by symmetry, there is a twist 
States in the valence band have a group veloc 
ity antiparallel to the wave vector. This pro- 


vides the link with the optical effect of nega: 


tive refraction, which requires g 


oupand waves 
velocities tobe oppositely directed 

In 1968 (/), Veselago investigated the prop- 
erties of a medium that showed negative refrac 


tion conditions in which both, 
the magnetic (1) and electric (e) responses ane 
ne nup and phase 


velocities point in opposite directions, just as is 


the case for the valence el 


by a simple slab of the material. The Veselag 
Jens was later shown to have the extraordinary 


property that the perfection ofits focus is lim 
ited not by the wavelength, asin a conventional 
lens, but by the degree of perfection in its man- 
ufacture (2). The lens is sometimes referred to 
asa “perfect lens.” Several experiments have 
now demonstrated that the lens is capable of 
subwavelength resolution (5,6). 

In their report, Cheianoy et al. examine a 
in graphene. These kinds of struc- 
the most basic electronic 


‘ph junction 


tures are amon, 


devices and are usually made with semicon- 
ductor materials. Such a junction could be 
made by two almost-touching metal plates 
above a graphene sheet, one biasing the sim- 
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ple toa positive voltage (n-type). the other toa 
negative voltage (p-type). A point source of 
electron current in the n-type half (see the 
ure) radiates electrons to the interface, where 


they are negatively refrac 
‘medium and bro 
focused in Vesel 

The 
complete: His lens m; 
tive index and the i 


imto the p-type 


t to.a focus, justas light is 


o's lens, 
nalogy with Vesel 
iched both the refrac 
pedance of the two 


id as a result the interface between 
ting. This perfect 


media, a 
th 
transmission also led to the property of a per 


mwas perfectly transm 


fect focus. The pn interface in the new 
graphene lens is perfectly transmitting only 
When electrons strike the surface exactly at a 


le, but otherwise not so. AS 
aphene lens does not show sub- 


h resolution. In fact, itis a require 
‘ment that the pn junction be as sharp as possi- 
ble because the resolution of the lens isrelated 
to the diffuseness of this interface. However, 
rally 


because electron wavelengths are 


very small, subwavelength resolution is less 
‘of an issue than it is for photons. 
This remarkable theoretical result now 
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stands asa challen 
know that graphene can be prepared in a rather 
perfect form, but can a sharp, straight pn june- 
tion be prepared and itsin demonstrated? 


to experimentalists. W 
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EPIDEMIOLOGY 


Keep It Local 


‘Angus Buckling 


hy are some parasites more in- 
fectious than others? This much 
debated question has spawned sev- 


cenil theories about parasite transmission and 
virulence, A study by Boots and Mealor on 
page 1284 in this issue (/) indicates that the 
social network of host organisms isa key deter- 
minant of how parasite infectivity evolves. This 
implies that as the world become more con- 
nected and human populations more mixed 


more da 


OUS parasites could be selected for. 
The study was motivated by theoretical 
work. predietin| infectivity 


aM parasite 
should decrease when host (and parasite) 
movement is restricted. Under these condi- 


tions, the theory predicts that infected hosts 


soon become surrounded by other infected 
elf-shading” 
this happens, infected hosts rarely encounter 


hosts, described as. ). Once 


susceptible hosts, so the average rate at which 


curr s lead 10 new infections 


(transmission) dramatically decreases. A 
mutant parasite that is intrinsically less infee- 


tious is predicted to cause less self-shading, 


thereby increasing the average contact rate 


between infected and susceptible hosts. The 
mutant parasite would therefore spread 
throughout the whole host population more 
efficiently than a highly infectious parasite 
despite having reduced short-term and local- 
ized transmission. This contrasts with condi- 
tions in which host and parasites can freely 
mingle. In this ease, the theory predicts that 
parasitesare much less likely to be surrounded 
by hosts that they have already infected, and 


The author is in the Department of Zoology, Univesity of 
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the most infectious parasites will spread more 
rapidly both locally and throughout the whole 
host population. 

Boots and Mealor put this theory w the test 
by studying the realtime evolution of a part- 
infects, primarily through can- 
ure). The 
authors manipulated the social network of the 
erpillars by allowing them to live in their 


sitie virus t 


nibalism, caterpillars (see the fig 


own food (a wholesome blend of o 


honey), The unadulterated 
food had a thin consistency 


allowing caterpillars to 
t with each other 
throughout the food box. 
By 
food, a thicker texture was 
tly limited 


adding water to the 


created that g 
caterpillar movement, re- 
sulting in caterpillar clus- 
ters. Both uninfected and 
parasite-infected caterpil: 
lars were added to the different food boxes. 
Afier 40 weeks, the authors extracted virus 
nd 
measured infectivity by treating uninfected 
caterpillars with the harvested pathogen. The 
results are entirely consistent with theory 
Virus in the denser food that restricted cater- 
pillar movement evolved to be approxi- 
mately one-third as infectious as viruses har- 


from the eu 


rent crop of caterpillars 


vested from caterpillars in the less viscous 
food source. 

Despite the quirkiness of the experimental 
system, these results are likely to have very 
broad applicability. The behavior of less infec- 
tious viruses in the more viscous food source 
can be viewed as “prudence.” That is. viruses 


SCIENCE 


‘Studies of virus evolution within caterpillars 
and bacteria show that greater host mobility 
is associated with the emergence of more 
infective parasites, 


are trading off short-term competitiveness 
with the long-term productivity (3). Such a 


strategy works when movement is limited 
because pruxlent viruses reap their own reward 
by creating an environment with more avail- 
able hosts. If mov 
fone will gain equally from the behavior of 
prudent individuals, in which ease prudence 


nent is unrestricted, every= 


versus imprudence carries a short-term cost, 
but no long-term benefit 

The imp 

‘ment for the evolution of prudent par 
1p 


ance of restricted n 


Prudent parasites. By studying a virus that infects 
the larva of the math Plodia interpunctelia, Boots 
and Mealor (1) determine that parasites evolve to 
more infectious forms when their hosts are more 
‘mobile and disperse within a population. Less infec- 
tious, more “prudent” parasites result when poten- 
tial host movement is restricted within a population. 
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experimental evolution study of viral parasites 
(bacteriophage) of bacteria (4). Bacteriophage 
invade bacteria after a random encounter, 
reproduce inside the host, and then burst out, 
killing the bacteria in the process. The experi- 
‘mental design for this study involved nearly 
200 individual media-filled “wells” some of 
‘which were inoculated with either bacteria or 
bacteriophage. Dispersal was manipulated by 
moving samples of bacteria and phage 
between different wells. Where dispersal was 
limited to only neighboring wells, clusters of 
wells containing only phage formed. This 

reflects “selfshading” by the phage, because 
they quickly killed bacteria in a well. As 
expected this favored the evolution of prudent 
phage, which in tur reduced the rate of phage 
reproduction, Because this allowed more 
growth of the bacterial “resource,” there was 
a increase in total bacteriophage yield from a 
‘well, This in tum increased the probability of 
bacteriophage infecting new bacterial wells In 
contrast, when the bacteriophage and bacteria 
could disperse to any well, the authors argue 
that there was a much higher chance of 
encountering a bacterial well, so prudence was 
less beneficial 


Prudence, when considered a form of 
cooperation, is open to cheating. Regardless 
of the long-term benefits to the group of pru- 
dent behavior, a faster exploiting “cheat” —an 
individual that reproduces more rapidly in 
the short term—that invades a patch of pru- 
dent individuals is likely to have an advan- 
tage. What prevents such cheats from joining 
patches of prudent individuals in the limited- 
dispersal conditions in the above examples? 
On the one hand, it could be chance; some 
pathogen populations simply don’t contain 
cheats. However, limited dispersal also means 
that Viruses within a localized patch are more 
likely to share the same immediate ancestors 
than would viruses between patches. The ben- 
efits of prudent behavior are therefore most 
directed toward close kin, which themselves 
are likely to be cooperators, causing genes for 
cooperation to spread throughout a population 
(5.6). This process of kin selection (7) is likely 
tobe an important determinant of many coop 
erative traits. 

However, when there is greater dispersal, 
there will be much more interaction between 
individuals of different immediate ancestry, 
and hence between cheats and cooperators. OF 


course, it is impossible to know the impor- 
tance of kin selection in explaining the results 
of Boots and Mealor because dispersal and the 
likelihood of viruses interacting with their 
closest relatives are necessarily correlated. 
Independent manipulation of these two vari- 
ables would provide fascinating insights into 
the mechanisms responsible for the evolution 
of parasite infectivity 

Regardless ofthe precise details of the the- 
retical explanation, there is now, for the first 
time, some very convincing experimental data 
that parasites are likely to evolve to be less pru= 
dent when they get to travel. Less prudent can 
mean various things: more infectious, more 
disease-causing, and more likely o kill, None 
‘of which is likely tobe very good for hosts, 
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CHEMISTRY 


Water from First Principles 


‘Anthony J. Stone 


he water molecule is very simple, yet 
Ts init arouse oor of be 

‘most complicated substances. Its anom- 
alous behavior, such as its expansion on freez~ 
ing and other more subile properties, ts related 
to the detailed form of the interaction between 
its molecules, which i stil imperfectly under- 
stood. For more than 70 years, scientists have 
been trying to understand the behavior of water 
in its diferent forms from first principles —that 
is, based on the fundamental properties of the 
water molecule. Much progress has been made 
in this task in recent years, and the report by 
Bukowski ef al. on page 1249 of this issue (/) 
‘marksan important step. 

For some substances, the properties of the 
bulk solid, liquid, or gas can be deduced with 
reasonable accuracy once one knows the pair 
potential —that is, the function that describes 
how the energy ofa pair of molecules depends 
on their relative geometry. For molecules like 


The author is with the University Chemical Laboratory, 
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‘water, this function depends on six coordi- 
nates: the position (three coordinates) and ori- 
entation (three more) of either molecule rel 
tiveto the other. The energy of an assembly of 
molecules is then taken to be a sum of all pair 
interactions in the assembly. 

For water, and for many other substances, 
however, the pair potential is not enough. The 
energy of an assembly of water molecules 
cannot be described adequately asa sum of 
Pair potentials. The interaction between any 
two molecules leads to a distortion of both 
‘molecules, which in turn modifies their inter- 
actions with a third molecule (see the figure). 
‘A three-body function is needed to take such 
effects into account. The three-body correc- 
tion isa function of 12 coordinates: the posi- 
tion and orientation of two molecules relative 
tothe thind, Even this is not enough: In princi- 
pie, there are four-body and five-body correc- 
tions, and so on. These are smaller, but are 
thought to be important for the tetrahedral 
structure of liquid water (2). Most of these 
‘many-body corrections can be accounted for 
by a careful description of the polarization of 


‘thas been hard to reproduce some of the 
properties of water starting only with the basic 
lave of physics. A description of water derived 
entirely from theory now succeeds in this task, 


each molecule by its neighbors (3). There are 
other many-body effects that are not included 
inthis way—for example, the three-body eor- 
rection to the van der Waals attraction (4)- 

but they are smaller andl can often be ignored 

For simulations of liquid water and of bio- 
logical systems in the presence of wat 
simple descriptions are needed b 
of computational constraints. They us 
approximate the many-body effects by modi 
fying the pair potential, typically by enhan 
ing the molecular dipole moment. The: 
models are quite successful in modeling 
liquid water at ambient temperature and pr 
sure, but give a very poor account of the 
‘water dimer, because the modified pair poten- 
tial is incorrect. 

In recent years, several research groups 
have tried to obtain a description of water that 
ives. good account of the water dimer, small 
clusters of water molecules, and the bulk liquid 
(5-7). Such a comprehensive task requires a 
much more elaborate potential. Traditionally, 
the intermolecular potential has been deter- 
mined from experimental data, but experimen- 
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tal properties are averages over the potential 
surface, and it is difficult or impossible 
to extract the details of the potential surface 
unambiguously from such properties. Alter- 
natively, the intermolecular potential can be 
calculated from first principles. The mostaaceu- 
rate method in current use is coupled-cluster 
theory with inclusion of single, double, and 
triple excitations, the triples noniteratively. 
Unfortunately, this CCSD(T) method gives 
only the total pair potential energy, and only 
at isolated points, It provides no information 
“about the functional form of the pair potential, 
which is needed for most applications. 

Perturbation theory, on the other hand, 
does give information about the functional 
form, but is very complex and eomputation- 
ally demanding, and cannot yet achieve the 
same accuracy. Recent practice has been to 
refine the details of the potential by fiting to 
experimental data, 

Fitting is a well-established technique in 
many fields of seience, but it has pitfalls: It 
may improve some propertiesatthe expense of 
others, For example, in the ease of the simple 
potentials mentioned above, enhancement of 
the molecular dipole moment improves the 
calculated properties of the liquid but ruins the 
description of the dimer, In that case, however, 
the form of the potential is known to be inade- 
‘quate, Careful use of perturbation theory ean 
give the right functional form, and the numeri- 
cal parameters can be refined by fitting to the 
very accurate experimental data that have been 
obtained from high-resolution spectroscopy 

3 on the dimerand small clusters. This approach 
can lead to potentials that give a good account 
of both small clusters and the bulk liquid (7). 

Nevertheless, the challenge to obtain a 

‘g0od intermolecular potential energy function 
ff etirely by catelation fom frst principles, 
using experimental data only as a test of its 


other properties of water. 


quality, has not been met. This is what 
Bukowski eral, have been able to do. 
They have used perturbation theory to 
determine the form of the potential 
function, and fited the parameters in it 
using data points for the water dimer 
calculated by the CCSD(T) method. 

An advantage of this approach is 
‘that the CCSD(T) data points cover the 
energy surface much more completely 
than the spectroscopic data, which 
describe only the region in the neigh- 
borhood of the energy minimum and 
the barriers to neighboring minima, The 
CCSD(T) calculations were carried out only 
forthe dimer, but with a good functional form 
the resulting potential is able to give a good 
account of the many-body interactions and 
hence of the liquid properties as well as the 
dimer spectrum. 

This work is not the end of the story. The 


‘Three-body effects. The two hydrogen bonds may act cooperatively, each reinforcing the other (top) 
or they may oppose each other (bottom). The top configuration is bound more stronaly than the bot- 
tom one. Three-body effects ofthis kind play an important role in water clusters and liquid water 
Bukowski et al (2) describe a potential derived entirely from fst principles that captures these and 
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calculated properties are good, but leave room: 
for improvement, The form of the potential 
function omits some of the smaller terms. 
eally, one would wish to obtain accurate 
‘numbers as well as the functional form from 
perturbation theory. Nevertheless, Bukowski 
ct al. have been able to show that a good 
description of water from first principles is 
becoming feasible, 
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BIOCHEMISTRY 


A Missing Link in Membrane 


Protein Evolution 


Bert Poolman, Eric R. Geertsma, 


jrk-Jan Slotboom 


Discerning the orientation of subunits of an unusual bacterial membrane protein suggests how the 
particular topology of other membrane proteins may have evolved. 


‘ost proteins embedded in biological 
Mies have vectorial fune- 

tions, such as transporting mole- 
cules into or out of cells or transducing signals. 
It is thus essential that these membrane pro- 
teins have unique orientations in the lipid 
bilayer. To achieve a unique orientation, mem- 
brane proteins carry signals in their amino acid 
sequences that are recognized during the 
membrane insertion process. Intriguingly. 
some membrane proteins have structurally 
similar, homologous regions with opposite 
orientations in the membrane. raising ques- 
tions about their evolution. On page 1282 
of this issue, Rapp ef al. (1) offer a com- 
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Institute, and Zerike institute for Advanced Materials, 
University of Groningen, Nijenborgh 4, 9747 AG 
‘Groningen, Netherlands. E-mal:b poolman@rug.ol 


pelling explanation for how such proteins 
may have evolved. 

‘One of the best-understood signals for 
membrane protein topology is the “positive= 
inside rule”: Positively charged residues such 
a lysine (K) and arginine (R) tend to be most 
abundant ("KR bias”) in loops located at the 
cytoplasmic side of plasma and endoplasmic 
reticulum membranes (2). Crystallography 
has shown that many membrane proteins 
contain homologous domains with opposite 
(antiparallel) membrane orientation, leading 
to proteins with a quasi-two-fold axis in the 
plane of the membrane. Well-known exam- 
ples are the members of the aquaporin fi 
in which the first three transmembrane se; 
ments are homologous to the last three but 
with opposite membrane orientation, Exactly 
how such quasi-symmetrical proteins have 
come about has been puzzling. Rapp et al. 
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Antiparalel (dual) topology 


ro 9" 


RANE PROTEINS 


Parallel topology 


Gene duplication and fusion | 


[[Gene duplication and (KR) drift 


[(06R) att) 


7 Quast-two fold ass inthe plane ofthe membrane 


Plausible evolutionary paths. Membrane proteins with multiple homologous domains may have evolved through gene dupli- 
‘ation, gene fusion, and drift events {bias to lysine (K) and arginine (R) residues in cytoplasmic regions of the protein). The 
resulting proteins have similar domains with either antiparallel topologies (bottom left), or parallel topology (bottom right). 
‘Shaded ojlinders depict additionally inserted transmembrane segments. Bold arrow indicates the evolutionary path simulated 


q 


‘and (KR) ditt 


by Rapp et at. (1); dashed arrows indicate hypothetical events, 


reinforce their earlier proposal that rare “dual- 
topology” proteins form a missing link in the 
evolution of membrane proteins with antipar- 
allel domains. They trace the evolutionary path 
by examining the multidrug transporter Emel: 
from Escherichia coli and demonstrate that 
antiparallel dual topology of the transporter's 
subunits is required for its functioning, 

Emr is a well-charseterized protein with 
four transmembrane segments. lis functional 
unit is a homodimer, but the membrane ori- 
entation of the two subunits of EmrE is a 
‘matter of fierce debate. The protein does not 
have strong topological signals (weak K+R 
bias), and evidence has been presented for 
both an antiparallel (dual topology) and par- 
allel orientation of the subunits (see the fig~ 
ure) (3-7). The possibility of oppositely 
ented subunits in EmrE was first proposed by 
Tate and colleagues (7) on the basis of @ 
ceryo-electron microscopy analysis of two- 
mensional (2D) crystals. A model consis- 
tent with most of the available biochemical 
and biophysical data was proposed in which 
EmvE could be arranged as an antiparallel 
homodimer (4). On the otherhand, arigorous 
cross-linking study pointed toward a parallel 


orientation of the Emr subunits (5). Re= 
sgrettably, some of the assumptions in the lat- 
ter work were based on a structural model 
that has recently become obsolete (9). 

Rapp et al. now present strong evidence 
for dual topology of the Emr subunits as a 
requirement for its funetion. They forced the 
subunits to insert into the membrane in a 
single orientation [with the carboxyl termi- 
hus either inside, EmrE(C,). or outside, 
EmrkiC,,,)] by manipulating the number of | 
positive Charges in the loops connecting 
the transmembrane segments, resulting 
in a stronger K+R bias. Emri(C,,) and 
EmrE(C,4) were inactive when expressed 
independently in bacteria. However, expres- 
sion of both subunits simultaneously restored 
drug resistance to the level observed with the 
wild-type EmE, which is indicative ofa fune- 
tional transporter. Thus, oppositely oriented 
subunits of Emr are required for its drug 
efflux activity. 

This work explains the occurrence of anti- 
parallel domains observed in the 3D structures 
of many membrane proteins by providing a 
plausible path for the evolution of such trans- 
‘membrane proteins: After gene duplication, 2 


Gene duplication and fusion) 


wh 
ey ow 


| cnt ped ene 


dual-topology protein could 
evolve via genetic drift toward 
a K-R bias, whereby the sub- 
units obtain a fixed orientation 
(see the figure). A subsequent 
gene fusion event would allow 
a single polypeptide to accom- 
modate all functionalities, For 
proteins with an even number 
of transmembrane segments, 
this requires the insertion or 
deletion of a transmembrane 
segment. In principle, the order 
of these events could be 
J versed. Either pathway leads 
toa membrane protein with 
a quasi-two-fold axis in 
the plane of the membrane 
(see the figure). 

For comparison, a protein 
with a quasi-two-fold axis 
perpendicular to the mem- 
borane plane could evolve from 
the fusion of proteins with a 
parallel topology (see the fig 
ure), Prototypic of this, 
are the members of the major 
facilitator superfamily, The 
currently available 3D struc~ 
tures of channels and trans- 
porters indicate tl 
with quasi-symmetry, result- 
ing from the duplication and 
fusion of ancestral proteins 
‘with either parallel or anti-parallel topologies, 
are the rule rather than the exception, 

In.a proteome-wide sereen of the topol- 
ogy of transmembrane proteins in E. coli, 
von Heijne and colleagues previously show- 
ed that the vast majority of the prot 
exhibit a unique topology (10). Obviously, 
for many membrane proteins, a unique ori- 
entation is required. For instance, domains 
that bind to ligands, possess 
matic a 
(such as by phosphorylation) ne 
located on the physiologically relevant side 
of the membrane. However, the EmrE case 
shows that in principle, transporters could 
have dual topolog 

So why are dual-topology proteins so rare? 
EnwE is a dimeric protein, and ideally, the 
subunits for such a dual-opology dimer 
should insert exactly 50% Emrk(C,,) and 
50% Emr(C.,,). A lange excess of either ori- 
entation would be a waste of cellularresources 
and might exert a detrimental effect if 
unpaired” subunits are toxic to the cell, The 
realization of equal amounts of oppositely ori- 
ented subunits may well be beyond the control 
of the membrane insertion machinery and, in 
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addition, would put strong constraints on the 
evolution of such proteins. Any mutation that 
would alter the optimal insertion ratio would 
be a selective disadvantage, even though it 
could improve the catalytic activity. The dual- 
topology organization of EmrE likely repre- 
sents an evolutionary transitional form. The 
work by Rapp etal. tipsthe balance in the con- 
troversy about one protein’ unusual orienta- 


tion in the membrane. A broader consequence 
of this observation may be a plausible evolu- 
tionary path for membrane proteins with 
antiparallel domains. 
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ECOLOGY 


How the Wood Moves 


Katriona Shea 


{first glance, an obvious difference 

between animals and plants is move- 

‘ment: Elephants move, trees don’t, 
This is in part why Tolkien's ents (1), Wynd- 
hham'strffids (2), and the march of Birnam 
Wood in Shakespeare's Macheth (3) elicit 
such a strong response. But in fact plants do 
move, although only at certain life stages and 
lly with outside help. For example, dan- 
llion sees blow and sycamore samaras hel- 
ivopter in the wind, acorns and berries are 
moved by mammals and birds, and pollen is 
spread by wind and insects, These movements 
spread plant genes across the landscape, gen- 
crating the spatial patterns of distribution and 
abundance of species that we observe in 
nature, Recent work demonstrates just how 
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complex the web of pollinators and fruit-eat- 
ing animals that determine tree gene flow can 
see the Figure). 

For both plants and animals, studying 
movement is just as difficult as it seems, 
Animal ecologists have radio-collared cheetahs 
and fons, attached satellite-linked tracking 
devices to seals, and painted marks on beetles 
to track their movements. Plant ecologists, 
however, are usually faced with a problem of 
scale. How can we follow the movement of 
smaller diaspores (dispersal units), such as 
seeds and pollen grains? Approaches broadly 
fall into two categories—tracking of diaspores 
froma source, or relocation of diaspores at dif- 
ferent distances from parent plants (4)—and 
scientists have become very creative in their 
«quest (5). Notable approaches include observa- 
tional studies of dispersers atthe parent plant 
for animal-dispersed species: studies of the 
environmental conditions promoting seed 
release of wind-dispersed species: trapping of 


Recent studies show that the movement of plant 
genes across the landscape involves a complex 
web of pollinators and fruiteating animals. 


seeds at different distances from possible par- 
ents; marking of seeds on the parent plant with 
ink, fluorescent powder o radioactive markers 
to allow later relocation and identification of 
seeds: genetic methodsto link seeds or pollen 
topossible parents; and even chasing individual 
seeds as they blow across the landscape, 

‘Over the past decade, Jordan and collabo 
rators have been patiently disentangling the 
zene flow story fora key tree species in south- 
eastern Spain by combining several of these 
methods (6). Mahaleb cherry, Prunus mahaleb, 
isa tre with delicate white flowers and black 
fruits, Some trees are hermaphrodites (with 
both male and female functions); others are 
functionally female, Thus, both types of tre 
are potential sced sources, but only the her- 
‘maphrodites ean provide pollen, Jondano er a. 
have studied nine distinct populations of these 
treesand determined the genotypesof all repro= 
ductive individuals. Their observational studies 
show that mahaleb cherry fruits (each contain- 


Gene flow in trees. Mahaleb cherry pollen and seeds are moved over short and long distances by strikingly diferent assemblages of pollinators and fruit-eating 
animals. This has important implications for gene flow within and between populations and for the establishment of new populations. 
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ing a single seed) are consumed by a wide vari- 
ety of animals, Most seeds are eaten by frugiv- 
orous (fruit-eating) birds such as warblers, 
robins, redstarts, mistle thrushes, woodpi- 
geons, and carrion crows. However, a small 
proportion of fruits are also eaten by otherwise 
carnivorous mammals sueh as badgers, stone 
‘martens, and red foxes, Pollen is dispersed bya 
wide range of bees and flies, 

‘A seed contains a mix of genes from both 
its mother and father and, as potenti 
in a poputation may themselves be re 
can be hard to work out parentage with am 
degree of certainty, even with the latest mol 
ular genetic methods, Jordano et al. exploited 
a key factor to get around this problem. In 
some species, maternal tissue is attached to 
the sced. For example, the samara or “pro- 
peller” of a sycamore is actually made up of 
‘maternal tissue. Similarly, mahaleb cherry 
seeds have a maternally derived seed cout, the 
endocarp, which is not digested with the rest 
of the fruit. Analysis of the seed coat by 
molecular genetic techniques allows direct 
tion of the mother tee, 

Jonlano et al, trapped or collected seeds 
from animal feces aeross the landscape. From 
recorded which dispersal agents 
excreted each seed, directly identified the 
‘mother tree. and hence determined the dis- 
the seed was dispersed. By combining 
complementary methods, this work has 
nable to document what moves seeds, how 
moved, and even into what sorts of 


persers (6). Similarly. they have studied the 
pollinators and the pollen they deposit on the 
two sexes of tree (7). Eventually, they will be 
able to link the two components directly, by 
enotyping both seeds and their endocarps. 
This unusually thorough understanding of 
seed and pollen movement is a real break- 
through forthe study of gene flow in trees, 

As expected, birds remove most mahaleb 
cherry fruits, whereas mammals take rela- 
tively few. However, smaller birds move seeds 
only relatively short distances (usually 
depositing them within the boundaries of the 
local population): larger birds and mammals 
are overwhelmingly responsible for longer- 
distance dispersal, particularly movement 
between populations (6). Additionally. larg 
birdsand mammalsare more likely to disperse 
seeds to open habitat, where new populations 
‘may establish, Pollinators prefer female trees, 
and different assemblages of pollinators visit 
the two sexes. As a result, pollen on female 
tees on somes from farther away and 
from more pollen donors (7). Intriguingly, 
there is much less long-distance pollen move- 
‘ment than long-distance seed dispersal, 

The implications for this species are note- 
worthy. Although smaller birds dominate the 
dispersal system numerically loss or extinction 


of camivorous mammals in this system would 


have serious consequences for gene flow (with 
lange reduction in interpopulation movement) 
‘and would likely lead to increased isolation of 
populations (with fewer new populations being 
initiated). The ramifications for other ecosys- 


tems are also considerable. It is not only the 
obvious or putative dispersal mechanisms that 
are important (4), and the composite patterns 
arising from these multiple dispersal vectors 
may be very complex indeed (8), Relatively 
rare events may dominate certain critical 
processes such as establishment of new popula- 
tions, range expansions, or invasions. Par- 
ticularly lange effects may be seen in tropical 
rainforests, where rapid fragmentation dramt- 
ically influences loss of large frugivores, 
Jordano et al, show the way forward: Only with 
a multipronged and synthetic approach can we 
hope to disentangle the multiple drivers of 
observed plant genetic diversity or to identity 
possible consequences of changes in animal 
‘communities or habitats on plant populations, 
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ATMOSPHERE 


Forecasting Hurricane Intensity 


and Impacts 


Hugh E. Willoughby 


ambitious hurricane research project. 
EX, to investigate how rainbands 
. Flying radar- 
equipped aircraft right into the storms— 
ing the infamous Hurricane Katrina. 

before they made landfall, the scientists 
recorded wind speed and direction, tempera- 
‘ure, humidity, and other data, On page 1235 
of this isste. Houze ef al. report exciting 

sults from this project (1). The authors 


I: 2005, meteorologists embarked on an 
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‘observed Hurricanes Katrina, Ophelia, and 
Rita and then simulated them numerically on 
spatial scales of fess than 2 km. These highly 
realistic simulations represent substantial 
progress on the vexing problem of hurricane 
intensity prediction. 

Inthe United States, 2004 and 2005 were 
the most devastating seasons as measured 
by inflation-adjusted damage, and 2003 was 
the deadliest since 1928. Forecasts of US. 
hurricane landfalls made as long as 60 
hours before the event were excellent, but 
Earth's atmosphere is still fiendishly unpre- 
dictable. It was a meteorologist who insti- 
‘gated the modern appreciation of sensitivity 


Hurricane structure and intensity can now be 
predicted with sufficient accuracy to support 
‘quantitative assessment of human and 
economic impacts. 


to initial conditions in deterministic mathe 
matical systems (2). Thus, both uncertain- 
ties in the initial state of the atmosphere and 
limitations of the numerical models can 
cause forecasts that started from nearly 
identical representations of today’s weather 
to diverge after just 3 to 10 days. Hurricane 
prediction remains an unforgiving enter- 
prise with constant threat of public and 
costly failure. 

There are two crucial aspects to hurricane 
prediction: forecasting the path it will take 
(the hurricane track) and forecasting the 
strongest wind anywhere in the storm (the 
hurricane intensity). Track forecasts have 
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improved steadily over the years, 
but intensity predictions have 
Jagged a generation behind track 
forecasts. 

Track forecasts are important, 
because storm surze—flooding 
by wind-driven water from the 
sea or lakes—usually causes 
most hurricane deaths: this 
the ease also for Hurricane Katrin, 
Timely evacuation from the surge 
zone based on track forecasts 
therefore has the potential to save 
many lives. Hurricane tracks 
depend mainly on the steering 
flow, that is, the prevailing wind 
around the storm, 

Numerical weather prediction 
models form the basis of modern 
forecasting. They tabulate mete~ 
orological variables on rectangular 
arids and use the dynamical equations 
‘of motion to adyance them forward in 
time, The steering flow has character- 
istic spatial dimensions of more than 
1000 km and takes over 24 hours 
to change appreciably, Progress in 
Wre= 
sensing has focused on these 
facilitating advances in track 
ing. 

In contrast, to simulate hurricane 
intensity changes, numerical models 
ed finer grid resolution to represent 

the small-scale, rapidly evolving ong- 
nization of convection in the hurti- 
cane core. For this reason, improve- 
ments of intensity forecasts have been 
slower. Numerical hurricane simula- 
tions (3) of individual hurricanes with 
resolutions of over 5 km predict c 
clones that are geometrically larger. 
‘weaker cartoons of their counterparts 
in nature, Intensification and weaken- 
ingalso depend on ocean temperature 
beneath the storm (4), interactions 
\ith vertical shear ofthe steering flow 
(5), and rainbands, eye structure, and 
‘other manifestations of the internal 
dynamics ofthe storm, 
Eyewall replacements, in which a 
ring of new thunderstorms forms around a 
& preexisting eye, are probably the most diffi- 
cult phenomena to model. The outer eye- 
E wall supplants the inner by intercepting the 
3 energy-laden air as it converges toward the 
§ original eyewall in contact with the warm 
¥ ocean, Collapse of the inner eyewall re- 
3 duces intensity. Subsequently, the hurri- 
& cane may reintensify if 
8 favorable. 


numerical weather prediction a 
mo 


Wind speed (ms) 
8 


onditions remain 


to wo” (ao 
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Timing and magnitude of these eyewall 
replacement cycles are crucial to impacts at 
landfall. In 1992, Hurricane Andrew com- 
pleted an eyewall replacement. 
rapidly as it crossed the Gulf Stream, and 
ripped into Miami-Dade County (6). By 
contrast, eyewall replacements and a le: 
favorable environment reduced Hurricane 
Floyd of 1999 (see the figure) from a poten- 
tially catastrophic windstorm to a rainstorm 
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Hurricane eyewall replacement. (Top) This radar 
image of Hurricane Floyd shows the eye sur- 
rounded by outer and inner concentric eyewalls 
The yellow line indicates the approximate aircraft 
track for the wind profiles below. Image dimen- 
sions, 360 km by 360 km. (Bottom) Successive 
profiles in Floyd (yellow curves) of the wind speed 
at an altitude of 3 km show how an outer eyewall 
forms, contracts in the course of 51 hours, and 
replaces the former inner eyewall. Time increases 
‘downward and is indicated as date and time next 10 
the axis for each profil. Red lines connect features 
‘across time, Image and data from the National 
Oceanic and Atmospheric Administration's Hur- 
ficane Research Division. 


that caused widespread flooding in the 


cation or reintensification 

The accurate represet 
bands of convective rainfall in the 1.67-km- 
resolution RAINEX simulations (/) suggests 
that hurricane modeling may have advanced 
to the point that sensitivity to initial conditions 
rather than model shortcomings is the limiting 
factor. Sensitivity to initial conditions may be 
‘overcome by running ensembles of forecasts 
starting from slightly different initial eondi- 
tions (7). The ensemble mean outperforms 
individual members, and the ensemble spread 
provides a measure of forecast reliability, 

Windstorm insurers employ catastrophe 
models based on Monte Carlo simulations 
‘of thousands of climatologically representa- 
tive hurricanes (8). The calculated impact of 
these virtual hurricanes on the actual distri- 
bution of insured properties allows insur 
ance companies to estimate underwriting 
risk on an annual basis. The very realistic 
RAINEX simulations suggest extension of 
this well-established technique to predict 
human and economic impacts of individual, 
real hurricanes as they approach the coast 
‘and pass onshore. 
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Was There Really an Archean 


Phosphate Crisis? 


Kurt 0. Konhauser,** Stefan V, Lalonde,* Larry Amskold,* Heinrich D. Holland® 


Of ferric oxyhydioxide may have stripped dis- 
solved phosphate from the ocean's photic zone 
during the Archean (/), when massive amounts 
‘of iron were deposited in the fonn of banded iron 
formations (BIF). Hypothesized phosphate eon 
centrations of only 10 to 25% of the present-tay 
‘values woul! have led toa reduction in phytoplank 
ton productivity: and, therelore, to lower res of 
‘oxygen prexluction and organic carboo burial. This 
mode! is predicated on the observation that fertic 
‘oxyhyeroside particles, resulting from the oxiition 
‘of Fe({l) in some modem subynarine hydrother= 
imal systems, sorb phosphate with a distribution 
ccoetlicient (Kp) value of about (06 uM (2) 
However, compared with the modem ocean, 
the Archean ocean had substantially higher 
‘concentrations of disolved silica, at feast as high 
sat saturation with cristobalte (0,67 mM at 40°C 
n seater) and persibly even at situation with 
amomhous silica 20 mM) (3); moxem aocans 
average 0.10 mM (A), Silica strongly sorts to feric 
‘oxyhydonides and, a the proposed concentration of 
phoxphate in the Ar 


I has been suggested that sedimenting particles 


a 


‘ccxan [ranging fiom 08 


to 029 uM (/), silica could effectively compete 
with phosphate for available sorption sites fon the 
basis of ¢-FeOOH abortion constants (5). Fur- 
thermore, iton-silica coprecipitation diminishes the 
resulting particle's point of za net charge (PZNC) 
(6), rendering it less reactive to dissolved anions. 
‘We determined the significance of high silica 
‘concentrations on phosphate sorption in wo ways 
(ivby using preformed ferihydrte particles wo 
‘onstrate the competitive adsomption between silic 
and phosphate at ifrent pH values and (i) by 
‘oxidizing Fel) 0 precipitate foihy cit, in the pres 
cence of silica and phosphate, forthe determination 
of Kp values (7). In the first instance, maximum 
phosphate adsorption onto preformed ferrihydrite 
Pustickes occurs at pl < 7 and in the absence of sifca 
(Fig. 1A); silica cutcompetes phosphate as silica 
‘concentration inereases. Furthermore, fotlydrite 
incorporating silica shows & consistent decrease 
in PZNC (Fig. 1B) and correspondingly adsorbs 
even less phosphate ¢stippled lines in Fig. 1A) 
CCoprecipitation experiments with an inital Ft) 
‘concentration of 0.2:mM reveal that the presence of 
sibs rexced the phosphate content ofthe resulting 


c 


Molar P/Fe(IIt) Ratio 


Dissolved Phosphate (uM) 
Fig. 1. (A) Adsorption isotherms demonstrate, as a 
function of pH, the competition between sila and 
Phosphate for the surface sites of ferrihydrite (solid 
lines) and silica-containing ferrihydrite particles 
(tippled tines). Data for ferrtydrite shown as circles; 
for particles formed in 0.67 mM SiO, triangles; and for 
particles formed in 2.20 mi SiO, squares. (B) Particles 
Precipitated at various sitca concentrations possess 3 
lower PZNC than “pure” ferrihydrite as a result of silica 
‘incorporation. (©) Coprecipitation experiments per- 
formed at pH = 8 with 0.2 mM FellD yield Ko values 
relating solid-phase and dissolved equilibrium phos- 
phate concentrations. As a comparison to our results, data 
for moder deep-sea hydrothermal plumes [from (2)], and 


previously used to estimate Archean ocean phosphate concentrations (), are ploted (pus sign. Aso shown 
‘are the range of P/elI) values in BIF [gray box; compare with (2). R& apparent from the coprecipitation data 
that the particles incorporate decreasing amounts of phosphate with increasing dissolved siica concentrations, 
‘and consequently the data suggest higher dissolved phosphate concentrations during BIF deposition. 


particles(Fig. 1C). Inthe complete absence of silica, 
‘we cabulatad a Kip value of 0.075 » 0.003 uM", 
similar to the Ap value wad by Bjemum and 
Canfield (U/) for particles formed at modem 
ssibmarine hydrothermal yens [compre with (2), 
whereas Kip vals decreased to 0.011 = 004M 
ax) 0.002 = 0002 uM fr sokitions near crise 
‘ohalte and amorphoussilica saturation, respective 
Adgitionally, we observed silica to exert an even 
speaker effect at wer dissolved Fe concentrations 
[0.02 mM Fe (fig. S69]. Consequently, our cal- 
sulted Ki values are conservative at 0.2 mM Fe, 
specially considering that previous estimates of 
solved Fe concentrations for the Archean ocean 
saw around (0S mM (8), Only at much higher di 
sohad Fe concentations (c32, ~2 mM), such as in 
some hyckothemal vent tid does the ect of sil 
‘5 phosphate somtion became negligible (fig. $6) 
With the use of the PAFe ratio in BIF asa peony 
for dasolved phosphise concentrations inthe Ar 
«hcan ocean [a the authors of (7) used, with whom 
Wwe compare our data}, we calculate! that average 
dissolved phosphite concentrations would have 
ranged from 0.14 = 0.01 jiM (no silica) o 5.25 
263 uM in an ameephous silicassturatod ocean, 
The later value is of the same order of magnitude as 
(2.3 uM) (1), Importantly 
‘would have been diagenetic remobilization of phos- 
ng burial (probably keading to lower PF 
BIF). Thus, the actual dissolved phorphate 
‘cncentrations couk! have been even higher I'the 
Archean ocean contained abundant dissolved silica 
asis generally believed sedimenting ferry dite pee 
ticks woukd not have been major sink for phos 
‘hate is unlikely that there was a phosphate ess, 
sng a related reduction in phytoplankton procctiv- 
ity, caused by BIF deposition in the Archean ean 
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Hurricane Intensity and 
Eyewall Replacement 


Robert A. Houze Jr.,"* Shuyi S. Chen,” Bradley F. Smull,” Wen-Chau Lee,? Michael M, Bell? 


Observations made during the historic 2005 hurricane season document a case of “eyewall 
replacement.” Clouds outside the hurricane eyewall coalesce to form a new eyewall at a greater 
radius from the storm center, and the old eyewall dies. The winds in the mew eyewall are initially 
‘weaker than those in the original eyewall, but as the new eyewall contracts, the storm reintensfies, 
Understanding this replacement mechanism is vital to forecasting variations in hurricane intensity. 
Processes in the “moat” region between the new and old eyewall have been particularly unclear. 
Aircraft data now show that the moat becomes dynamically similar to the eye and thus is converted 
into a region inimical to survival of the inner eyewall. We suggest that targeting aircraft to key 
parts of the storm to gain crucial input to high-resolution numerical models can lead to 


improvements in forecasting hurricane intensity. 


1¢ tragedy of Hurricane Katrina in 2005 
| redoubled attention to the problem of 
tropical cyclone forecasting. Although 
forecasts of hurricane tracks and Tandfall loca 
tion have improved in recent decades, fore- 
casting of hurricane intensity (how strong the 
wind will be at landfall) has not (2), This com- 
parative state of progress és not surprising, be~ 
‘cause a storm's trick is primarily determined by 
the large-seale environment in which the tropical 
cyclone is embedded. Improvements in models 
that forecast surrounding large-scale wind pat- 
tems, combined with extra aireraft and satellite 
‘observations in the environments of storms, have 
thus led to improved track forecast, 

Changes of intensity (as measured by maxi- 
mum surface wind strength) are more chal 
Fenging to anticipate, Rapid changes of stom 
intensity are connected with the detailed spatial 
arrangement and unsteady pattern of smaller 
scale cloud and precipitation features intemal to 
the storm, These features ane not resolved by 
larg models and are particulary difficult 
to observe because data must be obiained in the 
active central portion of the storm, where in- 
ternal structural chan king place, while 
the storm is still over the ocean, 

Eyewall replacement—a key process in 
hurricane intensity change. In a tropical 
cyctone, the nidius of maximum wine is located 
in acircular region of heavily precipitating cloud 
Jed the “eyewall,” which encircles the rela- 
cly calm “eye” of the storm, Outside the eye 
Wall are lines of convective cloud that spiral in 
toward the eyewall and are called “rainbands.” 
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In the 1960sand 1970s, R. HL. Simpson and J. S. 
Malkus hypothesized that cloud seeding could 
reduce hurticane intensity (2), The strategy was 
to use aircraft to scod rainbands located outside 
all in such a way as 40 form a 
Wf deep clouds around the storm that 
Would take over asa new cyewall and choke off 
the okt eyewall, Once the inner eyewall weakened, 
the outer cyewall would contain the strongest 
\winds in the storm, but because the new eyewall 
formed farther from the ston center. these winds 
‘would be weaker than in the original eyewall. If 
this change of stom intensity could be induced 
just before landfall, a storm moving ashore 
would produce less damage. 

The cloud-seeding approach ultimately 
proved ineffective (3, 4). Many strong, mature 
tropical eyclones exhibit a natural “eyewall 
replacement” process (5) in which a new (outer) 
eyewall takes over from the original (inner) eye- 
wall, justas had been hypothesized —but with no 
lou sceding taking place. Theoretical studies 
further show that the new eyewall’s dynamics 
may cause it to contract over time (6). After an 
‘outer eyewall forms and envelops the inner 
eyewall, and the storm deintensifies, the new 
largerliameter eyewall itself may shrink in 
radius, so that the stom reintensifies. This pro- 
ceess may repeat itself, As additional new ey 
\alls form, the storm may undenzo one or more 
Jane oscillations in imensity by natural processes 
alone. Therefore, the focus has changed: Instead 
of producing such changes artificially, by 
seeding, the goal is w forecast the intensity 
changes occurring as a result of natural eyewall 
replacement. 

A field experiment revealing the process 
of eyewall replacement. The difficulty in fore- 
casting when eyewall replacement will and 
will not occur was a key factor motivating the 
Hurricane Rainband and Intensity Change 
Experiment (RAINEX) in 2005 (7), in which 
an innovative set of aircrafi_ measurements 


‘were obtained in Hurricanes Katrina, Ophelia, 
and Rita, The premise was thatthe variations in 
imensity occurring in conjunction with eyewall 
replacement involve interactions of the rain- 
hands with each other, with the eyewall, and 
with the large-scale environment. The aircraft 
therefore focused on documenting detailed 
aspects of the specific rainbands and eyewalls 
that appear most likely to interact and affect 
intensity changes. 

In carrying out this mission, RAINEX did 
three things differently from past hurricane 
observational efforts (7). First, RAINEX de- 
ployed the Naval Research Laboratory's (NRL) 
P-3 aircraft equipped with the National Center 
for Atmospheric Research (NCAR) ELDORA 
(Electra Doppler radar) (8), the highest quality 
meteorological airbome Doppler available, ney 
er bee used in hurricanes. This research plat- 
form was flown in coordination with two 
Doppler-radar- equipped P-3 aireraft_ operated 
bby the National Oceanic and Atmospheric Ad- 
ministration (NOAA) (9), Second, satellite 
‘communications and specialized interactive Vi 
sualization technology were used to 
ate, and combine the data. iv 
radars, coastal radars, and satelite data ont 
continuously updated master chart in the opera- 
tions center with all the aireraft positions and 
tracks. This integrated map, which provided 


wider and more comprehensive view of the 
detailed storm structure and situation than is 
possible from a 


ngle aircraft's radar, made it 
nd controller to optimally co 
hts of the three P-3 aircraft 10 
observe those small ures most likely 
associated with intensity changes. Thind, high- 
resolution (1.67 km) model forecasts of the 
investigated storms were made in real time to 
aid ight plan ed input 
from larger-scale models (7), In the future, high- 
selone intensity 
can potentially make use of the sort of detailed 
real-time ground-controlled aircraft observations 
‘objained in RAINEX. Ground control can sys- 
tematically target the measurements to. small 
scale features deemed n to affect 
intensity changes and assimilate these key 
‘observations buck into the models, 

Figure 1 shows a sequence of the high- 
resolution model forecasts of the structure of 
Hurricane Rita made during RAINEX. They 
show three stages of the storm's development, 
uring a period when eyewall replacement oc- 
curred over the Gulf of Mexico, Comparison 
with radar data shows that the simulated struc- 
tures and sequence of events were very similar 
to those captured by airbome observations of the 
actual storm. Figure 1A shows a closed annuus, 
‘of heavy rain inthe center ofthe panel. This was 
the original eyewall. To its west and east were 
spiral rainbands, intense cores of heavy rain 
aligned in curved bands angling in toward and 
becoming tangent to the eyewall, Figure 1B 
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shows that 28 hours late, eyewall replacement 
had begun. The rainbands had organized into 
coherent cieular feature. A more weakly pre- 
cipitating annular zone, which we call the moat, 
separated this new outer eyewall from the inner 
ceyewall, Which itself had begun to weaken, The 
process by which the second eyewall forms, 
although it happens Frequently in nature, is not 
fully understood, One school of thought is th 
circular flow pattern around the center of the 
cals disturbances called 
aves,” which propagate radi- 
ally outw the original eyewall region 
(Z0), Depending on the exact structure of the 
hurricane vortex, the waves may act to eoncen- 
trate angular momentum at a critical radius 
Where their phase velocity matches the mean 
swirling flow and in this way coalesce to form a 
new outer eyewall. Another idea is that the 
Jange-seale humidity fie surrounding the storm 
ean affect the structure of the rainbands at a 
certain radius, which may lead to a second 
eyewall formation (/7). Figure 1C shows that 
the inner eyewall had nearly vanished, while the 
outer eyewall, which was replacing. it, was 
somewhat greater radius, The 


‘storm spawns. sn 
“vortex Rossby 


begun to contraet, as expecta from theory (6). 


Fig. 2, Forecast of surface rain- 
fall intensity in. Hurricane Rita. 
(A) 0715 UTC 21 September, (B) 
1115 UTC 22 September, (©) 
1715 UIC 22 September. Colors 
show the rainfall rate (mm b=) 
at the sea surface generated by 
the Univesity of Miami’ high 
resolution, vortexfollowing, cou- 
pled atmosphere-wave-ocean 
version. of ‘the filth-generation 
Pennsylvania. State University! 
NCAR nonhydrostatic mesoscale 
‘model (MMS) (34) operating at a 
horizontal resolution of 1.67 km. 
Initial fields at 0000 UTC 20 
September 2005 and lateral 
boundary conditions are trom 
the NOGAPS global numerical 
forecast model (35). 
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Aircraft radar data collected in Rita (Fig. 2) 
confirmed the double eyewall structure sug- 
gested by the model forecast. The NRL P-3 with 
ELDORA concentrated on the inner portion of 
the storm by flying in a cireular fashion, r 
peatedly circummavigating the inner core of the 
storm (Fig. 2A). Figure 2B shows the radar echo 
detected by ELDORA. Because the radar r 
ceives microwave radiation backscattered from 
precipitation particles in the path of the beam 
(12), the echo intensity pattem (color shia 
Fig. 2B) indicates the precipitation pattem. The 
data clearly show two concentric eyewalls with a 
circular moat of weak echo between them. This 
pattem compares favorably tothe simulated pre- 
<ipitation pattern (Fig. 1B), although the model 
timing was ~6 to 7 hours too fast. 

The inner eyewall (Fig. 2B) was still fairly 
strong. although its southeast side had weak- 
‘ented, just as it id in the model foreeast once the 
fnew eyewall surrounded it (Fig. 1B), A distinct 
Wind maximum aceompanied cach eyewall (7) 
Because the Doppler radar scanned approxi- 
mately orthogonal (=70°) to the track (8), the 
ircular fight path gavea continuous view of the 
two cyewalls and their interactions. The cells of 
heavy precipitation in the outer eyewall scen in 
Fig. 2B are of a scale of detail not seen in hu 
ricanes before the we of ELDORA in RAINEX. 
The cells produced by small-scale intense air 
motions tend to be elongated and distribute i 


arn 


termittently around the outer eyewall, Recent 
theoretical studies c.g. 10, 13) have shown that 
asa new eyewall forms, small-scale air motion 
features generated in rainbands gather into an 
incipient eyewall. ELDORA indicates that this 
process was likely taking place in this young 
secondary cyewall 

The moat takes on the characteristics of a 
hurricane eye. Figure 2C shows the detailed 
nd ficld inferred by established me 
(14, 15) from ELDORA’s measurement of pre= 
ipitation particle motions (/2). This eross section 
is a snapshot of the profound new information 
sstined in this study. The moat region between the 
two evewalls is occupied throughout its volume 
by downward air motion. An cartier study of 
aireraft radar data obtained on radial flight lees 
crossing a storm with two eyewalls had shown 
some indications of downward motion in. the 
‘moat (/6), However, because the aireraft with the 
ELDORA in Rita was grouned-controlled to fly in 
acile between the two eyewalls (Fig, 2A), we 
were able to show that the downward motion in 
the moat extended from upper to low 
all around the storm. Figure 2D is a composite of 
all the data collected during the ELDORA 
jon of Rita. It shows quantitatively 
hhow this pervasive downward motion det 
© of the entine moat, 
tioning to 
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‘The eye is a region of singular dynamics 
detemnined by the spinning motion of the air in 
the eyewall, the buoyancy of the cloudy air in 
the eyewall, the large-scale environment of the 
storm, and the thermodynamic and turbulent 
character of the ocean surface. In the initial 
stages of tropical cyclone, before a closed eye 
\wall forms, convective clouds occur in ambient 


whose condition is characteristic of the 


large-scale atmospheric conditions inthe re 
(17) Once formed, a cireular eyewall effective! 
fences off portion of the environment air. The 
trapped air is then modified by the near-field 
«effect of the eyewall. Latent heat released in the 
surrounding eyewall cloud induces a circulation 
that draws low-Kevel air out of the eye region 
(78), causing air farther aloft within the 
subside. Consequently, the air in the 


Fig. 2. Aircraft data collected in Hurricane Rita between 1800 and 1820 UTC 22 September 2005. 
(A) and (B) are plan views; (C) is a vertical cross section across the northwest side of the storm 
(tong the white line in the plan views). Colored lines in (A) denote the flight tracks of the three 
RAINEX aircraft: yellow and red are the NOAA aircraft tracks; blue is the NRL aircraft, which was 
instrumented with ELDORA. The dots show aircraft locations as of 1830 UTC. The yellow track 
segment is for the 80 min preceding that time; the red and blue track segments are for the 
preceding 45 min, The yellow NOAA track was part of a wide pattern to determine the broad-scale 
structure of the cyclone vortes. The red NOAA track was part of an intermediate pattern, with 
shorter legs across the center of the storm to monitor the two eyewalls. The blue NRL track was the 
circumnavigation that obtained the key radar and sounding data referred to in this article. The 
color shades in (B) and (C) correspond to values of radar reflectivity (a measure of precipitation 


intensity). (D) depicts a compreher 


mean of dual-Doppler storm-relative winds derived from 


ELDORA data obtained during the period 1800 to 1820 UTC while the NRL aircraft that was flying 
in the moat circumnavigated the storm. Vectors show the component of air motions within the 


‘cross-sections [(C) and (D)]. 
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dry (19) except forthe layer of airin contact with 
the ocean, Temperature and moisture profiles 
obtained every 30 10 60 km by dropsondes (20) 
along the NRL aircraft track (Fig. 2A) show the 
dryness (relative humidity generally well below 
100%) above 1000 m in the eye of Rita Fig. 3A, 
green and red curves). Similar dryness seen above 
1000 m in the moat (Fig. 3A, blue curve) together 
with the downwan! motion throughout the zone 
between the old and new eyewall (Fig, 2, Cand D) 
suggests that the moat region was not & passive 
void between the two eyewalls, It was a dynamic 
comity that would take on the characteristics of an 
int join with the original eye, thus snulling 
‘out the original eyewall 

Conceptual model of a hurricane under- 
going eyewall replacement. Figure 4 concep 
tualizes our view of the eyewall replacement in 
Rita, The center portion consisting of the eye 
and the old eyewall reflects a conventional pie- 
ture of eye dynamics, Immediately outside the 
original storm core, the new eyewall and moat 
mic the old eyewall and eye, respectively. To 
dseribe the replacement, we first consider 
« cye structure in the center of the 


near-surface air both from outside the eyewall 
from within the eye itself (6) The air in the 
sinks to compensate for this transfer of air 

syewall (/4), Also contributing 10 the 


ply 
rotating eyev revlon 
(2). The subsidence warms and dries the air 


Within the eye, thus producing the cloud-free 
hole commonly characterizing the center of 
these storms in satellite imagery (Fig. 2A), Near 
the ocean surfice the drying is counteracted by 
strong turbulent mixing, which transfers water 
Vapor and sea spray from the wan andl choppy 
surface upward and maintains high humility 
in the lowest layer of the eye. The air at low 
levels within the inner eye draws eneney fiom 
the sea more effectively because it is at low 
pressure (so that the moist enthalpy in equilib- 
rium with the sea is elevated) and because strong 
\winds whipping the moisture off the sea surf 
‘often extend well inward from the eyewall, The 
in the lower layer is also maintained by 
lows uinder rather 
bya 
» caging down the inner 
‘edge of the eyewall. This eascade is produced by 
cloudy air mixing with the dry ait at the inner 
‘edge of the eyewall (/4). In simplest terms, the 
eye of the storm thus has a two-layer structure: 
moist at low levels, with dry descending ait 
above. Capping the moist layer is a stable layer 
produced by the subsidence. In strong storms 
the stable layer capping the lower moist mixed 
layer takes the form of an “inversion (temper- 
ature increasing with hei 


moat during the replac 
dynamic behavior o 
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environmental air trapped in the zone between 
the okt and new eyewalls is forced to sink, 
‘wamning and dying in the process just as the 
eye itself formed dynamically when air trom the 
‘environment was surrounded by and responded 
to the original eyewall, Dropsondes obtained 
‘along the circular Might track in the moat (Fig, 
2A) support the idea that the moat was under- 
{going just such a transition, Depicted dropsonde 
data was obtained in the eye of Rita at 
‘approximately the time the hurricane became 
the fourth strongest ever observed in the Atlantic 
basin (Fig. 3, grven curves). The eye exhibited 
high humidity in the first $00 m above the 
‘ocean, capped by an extreme temperature 
version (lemperature increasing upward to 
27°C at 2 km). Dropsondes in the eye on the 
next day (red curves) showed that as the storm 
Weakened owing to the observed eyewall re- 
placement process, the capping stable 
the eye became less pronounced ( 
turbulent mixing at low levels was able to 
extend the moist layer up to about 1200 m, In 
the moat (blue curves), the humidity and 


temperature structure were essentially identical 
to those in the eye at the time of the replacement, 
Thus, both the airborne Doppler radar data (Fig. 
2. Cand D) and dropsondes (Fig 3) obtained in 
Rita on 22 September show conditions within 
‘the moat taking on the characteristics of an eye. 

Once the dynamics of Rita's moat region 
resembled those of an eye, the inner eyewall could 
‘only weaken with time. The bulk ofthe low-level 
inflow of high-energy air from the large-scale 
environment was mbbed by the new outer eyewall 
(note that inflow toward the eye is absent at low 
Jevels between the new eyewall and old eyewall in 
Fig. 2, C and D). The old eyewall was ultimately 
destroyed by this lack of cnvironmental inflow 
combined with active downward motion induced 
bby the new eyewall, which evaporated the eyewall 
clouds and warmed the air surrounding the inner 
eyewall so that the okt eyewall’s buoyancy 
decreased. The progression of the eyewall replace- 
ment in Rita observed by radar (Fig. 2) was 
forceast accurately (Fig. 1). However, when the 
model resolution was degraded fiom 1.67 km to 
about $ km, simulated cyewall replacement fled 
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Fig. 3. Relative humidity (A) and temperature (B) profiles measured by dropsondes launched from 
aircraft in Hurricane Rita. The green curves show data obtained on 21 September (1601 UTO in the 
‘eye of Rita, when the storm was reaching category 5 strength and was stil intensifying. it reached 
its minimum observed pressure of 897 mb about 12 hours later. The red and blue curves show data 
‘obtained in Rita 24 hours later, during the eyewall replacement on 22 September 2005, when the 
central pressure had risen to 915 to 920 mb. The red curves (1619 UTC) show data obtained in the 
‘eye. The blue curves (1801 UTC) show the data from one of eight soundings obtained in the moat. 


Fig. 4. Inner region of a 184m 


hurricane undergoing eyewall 
replacement. The structure of 
the eye and innermost (origi 
rab eyewall are based primar- 
ily on (18) and (22), The 
structure of the rainbands is 
based on (36), The double- 
eyewall structure, including 
the moat separating the two 
interacting eyewalls, is based 
‘on RAINEX observations. 
‘Arrows at the bottom indicate 
that both eyewalls were contracting inward. The density of vertca lines below 
the clouds indicates relative precipitation intensity. Thin arrows show the 
direction of air motion relative to the storm. Dashed segments indicate 
partially interrupted flow. Small, wavy arrows atthe sea surface indicate water 
‘vapor mixing upward from the ocean surface. The broad arrows indicate the 


—— dot 9 ~ 


to occur, which indicates thatthe eyewall replace- 
‘ment dynamics are fundamentally small-scale and 
‘xquire high-resolution modeling to be accurately 
represented and forecast. 

Even though Rita's second eyewall had en- 
closed the original eyewall by the time of Fig, 2, 
the inner eyewall remained strong for 12 hours 
(indicated by tll and intense inner-eyewall radar 
echoes, as in Fig, 2C). This slow demise of the 
inner eyewall is typical of huricanes undergoing 
<yewall replacement (5). Because the inner eye- 
‘wall was cutoff fom the large-scak environment, 
‘we conclude that the inner eyewall was drawing 
sxne energy from within the storm’ inner core 
As indicated in Fig, 4 the eyewall draws war, 
moist air trom the lower portion ofthe eye into 
‘upward circulation (/8), This ir provides fel to 
the old eyewall. The inner eyewall can apparently 
survive through this mechanism for several hours 
before finally expiring. Recent work (23, 24) has 
suggested that when smallsale vortices form 
along the inner eyewall (25), the low-level eye air 
is more efficiently entrained into the cyewall 
ELDORA data in Rita document the existence of 
4 wellefinad small-scale vortex on the inner 
cadge of the inner eyewall at about the time of 
contributed to maintaining 
the intensity ofthe inner eyewall, 

Possible new approaches to forecasting 
hurricane intensity changes. Everually Rita's 
inner eyewall died and was replaced by the outer 
eyewall. In conjunction with this eyewall re- 
placement, Rita decreased from category S 

y 21 Seem, wil, mani 
mmm winds of 77 ms, wo category 3 o¢ 4 on 
September 2008, with maximum winds of $0 10 
@ ms" (28), Figure 1 suggests that with a suf 
ficintly high-resolution model, the eyewall re- 
placement and accompanying intensity decrease 
can be forseast, In addition, the successful 
documentation of the eyewall replacement pro- 
«os in Rita during RAINEX by groung-contrlet 
airerafl-tageting of the smallscake features inter= 
nal wo the tropical eyclone vortex could be a 
harbinger of improved forecasting of humicane 
intensity. The adoption of reabtime tageting of 


downward motion induced by the heating in the eyewall and (possibly) 
‘momentum mixing across the inner edges of the eyewalls. The hatched zone 
shows the top of the near-surface moist layer, which is capped by the 
stabilizing and drying effect of subsiding air above. The moist layer isnot to 
scale; its depth is exaggerated to show details of the airflow at low levels, 
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sirraft onto small-scale storm features likely to be 
associated with stom intensity change could 
‘provide timely input that would improve opera 
tional forceasts of hurricane intensity 
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Chankillo: A 2300-Year-Old Solar 
Observatory in Coastal Peru 


Ivan Ghezzi*?** and Clive Ruggles* 


The Thirteen Towers of Chankillo run north to south along a low ridge within a fourth-century 


E. ceremonial complex in north coastal Peru. From evident observing points within the adjacent 


buildings to the west and east, they formed an artificial toothed horizon that spanned—almost 
‘exactly—the annual rising and setting arcs of the Sun. The Chankillo towers thus provide evidence 
of early solar horizon observations and of the existence of sophisticated Sun cults, preceding 


the Sun 


the identification of places fiom which 
| astronomical observations were made in 
prchistory, together with evidence on the 
nature and context of those observations, can 
reveal much about the ways in which people 
before the advent off writen reconts perceived, 
understood, and attempted to order and control the 
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15 of Incaic Cusco by almost two millennia. 


World they inhabited (7, 2). Evidence of sys 


{ematic observations of the changing position of 


the rising and setting Sun along the horizon (3) in 
panicular, can provide information on the de- 
Yelopment, nature, and social operation of ancient 
calendars (4). Solar horizon calendars. were 
certainly important among indigenous Americans, 
with one of the best-known modem examples 
being at the Hopi village of Walpi (5). In Meso- 
america before European contact, systematic 
studies of the orientations of sacred buiklings 
and city plans strongly suggest the existence of 
horizon calendars in which special meaning was 
attributed to certain key dates. It has been argued 
that these dates inchiked not only the solstices but 


also the dates of solar zenith passage (4) and dates 
counted off fiom both at intervals. that were 
important in the intermeshing eyeles of the Meso~ 
american calendar round (7), In South Ameri 
accounts going back 10 the 16th century CE 
reoont various details of indigenous. practices 
relating 10 Inca state-regulated Sun worship and 
related cosmological beliefs (8, 9). Various 
schemes of landscape timekeeping have beon 
suggested, which are supported by a combination 
of historical evidence and analyses of the spatial 
disposition of sacred architecture: in particular, the 
system of shrines placed along lines (ceques) 
conceived as radiating out from the central Sun 
“oricancha, in Cusco, Peru (0-12) 
e described by various ehonickers 
as having stood around the horizon from Cusco 
and been used to mark planting times andl regulate 
‘seasonal abservanices (13), but all the Cusco pillars 
have vanished without trace and their precise 
location remains unknown. Here, we deseribe a 
much earlier structure in coastal Peru that seems 
to have been built tf 
‘observations throughout the s y 
The group of structures known as the Thirteen 
‘Towers is found within Chankill, a ceremonial 
center in the Casma-Sechin River Basin of the 
coastal Peruvian desert (fig. S1). Seventeen 4C 
dates fall between 2350 and 2000 calibrated years 
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before the present (B.P.) (Fig. 1) and point to the 
beginning of occupation at the site in the fourth 
century BCE. during the late Early Horizon 


period (4). The site contains muliple standing 
structures and plazas distnbuted over ~+ kn” of 
rock outcrops and sand ramps. Iti oriented south 


of east (azimuth 1189. lis best-known feature is 
300-m-long hilliop structure built in a remote 
location and heavily fortified with massive walls, 


Fig. 1. Calibrated years B.P, date ranges 
(£SE) for samples from Chankillo, 
prepared by means of the program OxCal 
version 3.10 (30, 32) with the use of 
Southem Hemisphere atmospheric data 
(G2), For each sample, the first column 
Tepresents the laboratory (NSF-Arizona 
‘Accelerator Mass Spectrometry Laborato- 
ry) identification number. The shaded 
area refers to the probability distribution 
‘of possible intersection points with the 
calibration curve, and the horizontal tine 
below represents the 2-sigma calibrated 
‘age _range. Five dates (AA57020 to 
'AKS7025) were sampled following dendro- 
chronological principles from the outer 
sapwood rings preserved under bark in 
algarrobo (Prosopis 5p.) lintels found still 
plugged into the architecture; these give a 
firm date for the construction of the site. 
The rest were obtained from the remains 
(ineluding seed and fiber) of plants with 


short life spans, Thus, the “old wood" problem, especially troubling on the coastal desert of Peru, was 


|AAS7025 22395328 Aas 
AALS 2259558" — lama 
a oe 
2378 
|AA60016 22212371 dala 
|AASTO2 221823237 fala 
|AA60023 22154 
|AA60010 22125378 
|AA00017 2199-6814 alm 
|AA60021 21912378P lly 
|AA6O011 21795378? fale 
|AAS7022 21772361" a fle 
|AA60014 21724810 fla 
|AAO002S 2468721 mali 


1000CaIBC  $00CaIBC CalBC/CalAD S00CaIAD. 


minimized. CalBC, calibrated years B.C; CalAD, calibrated years C.E. 


restricted gates, and parapets (fig. S2). This 
famous structure has been discussed offen as a 
fot, a redoubt, ofa ceremonial center (/5). How- 
ever, recent research supports. an altemative 
imenpretaton as a foriied temple (14). A less 
known part of the site is a ceremonial-civic area to 
the east, which contains buildings, plazas, and 
storage facilities, The Thirteen Towers form 
‘most outstanding feature within this area: & row of | 
13 cuboidal constructions placed along the ridge 
ofa low bill (Fig, 28), The towers run north to 
south, although towers 11 to 13 are twisted around 
Slightly toward the southwest. As seen from the 
buiklings and plazas below this hill, on either side, 
the towers form an artifical toothed horizon with 
‘narrow gaps at regular intervals (Fig. 3). 

The towers are well preserved: their 
comers have mostly collapse, but enough of the 
riginal architecture survives 1 allow a recon 
struction. They were fla-topped and rectangular to 
shomboidal in shape. Their size (75 to 125m?) and 
beight (2 to 6 m) vary widely. Nonetheless, they 
are regularly spaced: The gaps between the towers 
vary fiom 4,7 to $.1 m, Each tower has a pair of 
inset staircases leading up to the summit on the 


(C) The external corridor and western observing point. (D) The eastern observing point. 
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2. Plan of the Thirteen Towers and adjacent buildings in Chankillo (see materials and methods). (A) Location within Peru. (B) The Thirteen Towers. 
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north and south sides (fig. $3). Most of the 
onthem staircases are centered along this side, 
although not all are aligned with the general 
Corientation of the tower Most of the southem 
staircases are offset toward the east. The staircases 
‘are narrow (1.3 10 1.5 m wide), but because the 
heights of the towers vary, they are of different 
Jengths (1,3 to 5.2 m). Most of the tower summits 
are well preserved; no atifacts remain on these 
surfaces, though it is clear from the staircases that 
the summits were foci of activity. 

‘A group of enclosures is Found 200 m to the 
west of the towers (Fig. 2). The southernmost 
enclosure contains a building comprising two 
courtyards, The southeast courtyard is $3.6 m 
Jong and 36.5 m wide and is well preserved. 
Running along its southem side is a unique 
construction: 4 40-n+long exterior corridor (Fig. 
2C), The comida, like the restof the builling. was 
‘carefully constructed, plastered, and painted white: 
however, itnever fed into the building. Instead, it 
connected a doonvay on the northwest side, 10 
Which access was metricted by a blocking wall, 
\ith an opening on the southeast side that directly 
faced the towers 235 m away, The southeast 
‘opening, unlike every other doorway at Chankillo, 
{did not have the typical barhokls, or small niches 
pin was finnly ted into the stone masonry 
bly used 10 attach a wooden door 
(16). We infer that the purpose of the corridor was 
to orchestrate movement fiom its restricted 
entryway 10 a doorless opening direely facing 
the towers. Considering the original height of the 
‘corridor Walls, estimated at roughly 2.2 m, only 
‘when the opening was reached would there have 
been an unobstructed view of the full row of 
towers, Archacological excavations revealed 
‘offerings of pottery, shetls, and lithic artifacts 
within $m of, an in stratigraphic association 


with, the Hloor level of the opening. No other 
offerings were found associated with 15 openings 
excavated elsewhere at the site (/6). This suggests 
that ritualistic practices were involved in the 
process of passing through the corridor and stand- 
ing at the end of it to observe the towers. Con- 
sequently, we designate this opening the “Wester 
observing point.” 

To the east ofthe towers Fig. 2) isa lars 
(14 km?) with several buildings, including an 
impressive complex of interconnected patios and 
rooms, com beer (chicha) storage facilities, and a 
ange plaza (0.16 kn), In several places within the 
pha, there were surface offerings of exramic 
Ppanpipes and thomy ayster (Spends princeps) 
shells, and middens near the plaza contained 
ranains of serving vessels, mone ceramic panpipes, 
and abundant maize rennins This whole area was, 
protably a setting for lage ceremonial feasts 

From several locations around this ceremo- 
nial area, the Thirtsen Towers are the dominant 
feature of the landscape and coukl be used as 
solar horizon markers, but one building is of 
particular interest (Fig. 2D). It isa small, isolated 
building in the middle of a large, open space. Its 
positon in relation to the Thirtcen Towers is al 
an exact miror of the westem observis 
point: The two lie almost exactly on an east-west 
Fine, ane at the same elevation, and are at roughly 
the same distance fiom the towers. When viewed 
from inside this building, the spread of the 
towers forms an antficial horizon as well 

Only an incomplete outline of a rectangular 
room, 6 m wide, is preserved from this building 
Like the corridor keading to the westem ob- 
serving point on the opposite side of the 1owers, 
this room had a. doorway (in this case on the 
southeast side) that was restricted by a small 
blocking wall. We hypothesize that this doorway 


Fig. 3. The Thirteen Towers of Chankillo, as viewed from the fortified temple. Tower 1 is the 
leftmost tower in the image. 


RESEARCH ARTICLES [ 


‘was the eastem observing point, but its exact 
Position cannot be known with the same 
certainty as that of the westem observing point. 

We determined the locations of the two ob- 
serving points, together with the comers of each 
tower, using hand-held differential Global Po- 
sitioning System equipment. This enabled each 
point on the “false” horizon formed by the 
towers, as viewed from each observing point in 
tum, to be defined in terms of its azimuth, al- 
titude, and (astronomical) declination (tables St 
and S2), Independent compass-clinometer deter- 
‘minations of azimuths and altitudes, calibrated 
by means of a direct observation of sunrise 
against the towers, provided consistency checks. 
By “ahitude,” we mean the vertical angle be 
tween a viewed point and the horizontal plane 
through the observer, with “elevation” being the 
height of a location above sea level (7). 

Declinations of #23,75° and -23.75° corre 
spond to the center oF the Sun at the extreme pro 
sitions of sunrise and sunset in 300 B.C... atthe 
June and December solstices, respectively, with 
the Sun’s disk extending between +23.5° and 

240° (June) and between -24.0° and 23.5" 
(December) (/8). Intermediate declinations cor- 
respond to sunrise and sunset on other dates. 

Notably, as viewed from the two observing 
points, the spread of the towers along the horizon 
‘comespands very closely to the range of movement 
‘of the rising an! setting positions of the Sun over 
the year. This in itself argues strongly that the 
towers were used for solar observation, From the 
Wwestem dbserving point, the southem slopes of 
(Con Mucho Malo, ata distance of 3 kin, moet the 
‘nearer horizon (Hommel by the nearby hil on which 
the towers are constructed) just 0 the fet of the 
porthernmest tower (lower 1), providing a 13th 
gap” of similar width to those between each pur of 
adjacent towvers down the line Fig. 4), 

From the eastem observing point, the south 
cemmast tower (tower 13) would not have been 
Visible at all, and the top of tower 12 would only 
just have been visible (itis only panially visible 
‘now in its ruinous condition). From here, the 


December solstice Sun would have been seen 10 
set behind the left side of the southemmost 
wer 12), whereas the June sol- 
the north. 


Misible tower ( 
stice Sun set dieetly 10 the right o 
cemmast tower (lower 1) ( 
‘once the Sun had begun to move appreciably 
away from cither of ts extreme rising positions a 
few days after cach solstice, the various towers 
and gaps would have provided a means to track 
the progress ofthe Sun up and down the horizon 
to within an accuracy of two or three days. 

If we accept that the towers were used as 
foresights for solar observations, then does their 
disposition suguest anything about the way the 
ancient calendar year might have been broken 
down? The flat tops of the towers originally 
formed their own smooth, false horizon, with 
hicights compensating to some ex- 
tent for the slope of the hill on which they were 
built. This false horizon was broken at intervals 
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we longer between the right side of the rightmost tower. From the 
where the sunrise westem observing point, the December solstice 


by deep, narrow cuts formed by the gaps be- However, the time intervals 


thween the towers. When viewed from the west the outer towers in the 


point, the Sun rose for justone or moves along more slowly. Furthermore, the Sun rose up from the top of the rightmest tower, 
two days in each gap. One possibility then 
that critical sunrises were observed in the gaps. point, because no gaps would have been visible the slopes of Cerw Mucho Malo, There is an evi- 


However, pwers it the Hine as dent symmetry here also, suggesting that this natu 


is situation is different from the castem observing whereas the June solstice Sun rose a litle way up 


PS argues between the southernmost 


ral hill was perceived as the leftmost “tower” in this 


r instead that the year far as tower 10 (and possibly tower 9), and 
Was divided into regular intervals. The sunrises remaining gaps correspond to time intervals be- profile. Midwinter would have been the one time 


inthe 


(of year when the Sun was seen to emerge from 3 
1 hill rather than from a human construction, 
se Sun set Equinoctial sunrise (declination 0.0°) occurred 
wer, whereas the June solstice Sun set into in the central yap directly between towers 6 and 7. 
If Cem Mucho Malo is included, so that there are 


¢ central towers (lowers 3 tween sunsets of 11 or 12 days ( 


ips between t 


to 11) were all separated by time intervals of (or From the eastern observing po 
close to) 10 days, implying that a 10-day interval ber sols 


may have been a feature of the solar calendar. visible t 


= a 13 gaps, then this gap is the central one. In the 
ical = =< other direction, equinoctil sunset occurred just 10 

i = the right ofthis same gap, which as seen from the 
= ‘east is the contral gap within the 12 visible towers, 


However, the applicability of the concept of the 
equinox outside a Wester conceptual frame 
work is highly questionable (/9), At Chankillo, 
there is clear evidence that a mechanism existed 
Int suggest 


to help count off the days, which m 


that the mid-days between the solstices (the 
temporal equinoxes" or “Thom equinoxes”) are 
more likely to have been important, However, in 
M0 B.C.E., the Sun's declination on these days 


was between 40,6" and +1,0°, and there is no 
evidence that these days were specially marked, 
ests that the date 
nportant t0 early 
cultures in the American tropics 


A variety of evidence sug, 


of solar zenith passage was 


in the Andes in particular (20), 1 has also been 
suggested that the dates of solar antizenith pu 


might have been of importance in Ineaic 


Cusco ( this idea has been debated 
Fig. 4. The Thirteen Towers as viewed from the western observing point, annotated with the po- (22). However, there is nothing inthe pattern of 
sitions of sunrise atthe solstices, equinoxes, and the dates of zenith and antizenith passage in ~300 —disnos that it was 
B.CE. Tower 1 isthe leftmost tower in the image delibe 

or sunset on these dates. Only zenith passage 


jon of the towers to suze 


and even then, not exactly 
gap between Iwo towers, 


within) a 

Astronomical “explanations” can be fited n0- 
unments Repeated 
grants can provide 


toriously easily to 


instances of solar and hana a 
strong evidence of intentionality, as among. many 
Jocal groups of later prehistoric tombs and tompkes 
in Britain 


Ireland, and mainland Europe (23, 24) 


However, ata unique sit, there is always a danger 
of support 
‘what might have been important to people in the 


past is made solely on the basis of the alignment 


circular argument ifthe judgment of 


evidence itself: Fortitous stellar alignments are 
Paticularly likely, given the number of stars in the 
sky and the fact that their positions change steal 


over the centuries owing to precession. The 
Chankillo towers, on the other hand, just span (10 
within a couple of d 
set 

clearly defined by a distinctive structure with no 
other apparent purpose. Ths, we are not selecting 
putative astronomical ui 


pees) the solar rising and 


arcs as seen from two observing points, cach 


possbiles but secing det indications ofall four 
Fig. 5. The Thirteen Towers as viewed from the eastern observing point, annotated with the po- solsitil rising and sting points 

sitions of sunset at the solstices, equinoxes, and the dates of zenith and antizenith passage in “targets” whose broad importance across cu 
~300 B.GE. Tower 1 is the rightmost tower in the image tures is self-evident and widely attested 


stronomic 
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It is uncontroversial to postulate direct ob 
servations of the annual movement of the rising or 
setting Sun along the horizon for the purposes of 
regulating seasonal events such as. religious 
{estivals or for maintaining a seasonal calendar 
"Nonetheless, i is not simple to evaluate the nature 
fof the observations made and the social and 
ritualistic context within which they operated and 
derived their relevance, This point is well illus- 
trated by revent debates concerning the function of 
the so-called E-soup structures in the 
heartands of the Peten in Guatemals ( 
In the ease of the Thirteen Towers and nearby 
plas, we can infer that they provided a setting for 
People participating in public rituals and feasts 
dlirvetly linked 10 the observation and interpreta- 
tion of the seasonal passage of the Sun. By 
‘contrast, entry to the observing points themselves 
“appears to have boon highly restrictel, Individuals 
With the status w access them and conduct 
‘ceremonies Would have had the power to regulate 
time, ideology, and the rituals that bound this 
society together. Additionally, the exeavations at 
‘Chankillo have uncovered ceramic warrior figu- 
Fines holding a great varity of offensive (and 
defensive) weapons (14) (fig. SS). The warriors 
depicted wear signs of distinction, such as head- 
dresses, shirts, and especially neck, chest, and 
nose omaments, The artistic representation of 
these wanions, holding specialized weapons and 
\wearing the symbols of their high status, indicates 
the possible rise ofa class of war leaders and the 
‘centralization of power and authority in the hands 
‘of a few. Thus, Sun Worship and related cose 
iological beliefs at Chankille could have helped 
to legitimize the authority of an elite class, just as 
they did within the Ina empire two millennia 
later. And this, in turn implies that the towers were 
hot a simple instrument for solar observation but 
the monumental expression of existing and 
therefore by implication even older knowl, 

‘Thereis increasing evidence thatthe Sun cul, 
which, as the official cult of the Inca empire, 
regulated calendrical ceremonies and supported 
the established social hierarchy, had precu 
‘example, historically attested sunrise eere- 
monies ata sanctuary on the Istand of the Sun in 
Lake Titicaca (28), surrounding a crag regarded 
as the origin place of the Sun, almost certainly 
had pre-Ineaic roots (29). Given the similarity 
between the solar observation deviee at Chan= 
killoand the Cusco plas documented! some two 
millennia later (72), it seems likely that simiar 
practices were common within many of the great 
states that developed in the Andes before, as well 
as including, the Inca empire 


2), 
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Human Neuroblasts Migrate to the 
Olfactory Bulb via a Lateral 
Ventricular Extension 


‘Maurice A. Curtis,*? Monica Kam,” Ulf Nannmark,? Michelle F. Anderson,” 
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The rostral migratory stream (RMS) is the main pathway by which newly bom subventricular 


zone cells reach the olfactory bulb (08) in rodents. However, the RMS in the adult human br 


been elusive. We demonstrate the presence of a human RMS, which is unexpectedly organized 
around a lateral ventricular extension reaching the OB, and illustrate the neuroblasts init. The RMS 
‘ensheathing the Lateral olfactory ventricular extension, as seen by magnetic resonance imaging, 
cell-specific markers, and electron microscopy, contains progenitor cells with migratory characteristics 
and cells that incorporate 5-bromo-2 “deoxyuridine and become mature neurons in the OB. 


wn the rodent brain, the RMS contains progen- 
itor cells that migrate from the subyentricular 
ane (SVZ), adjacent to the lateral ventricle, 

‘out fo the OB. The RMS takes a course rostral to 
the striatum, and then the cells migrate forward in 


the olfactory tract o the OB. The hue forebrain 
follows the basic structural organization of the 
‘mammalian brain but is extensively developed 
compared with that of rodents. The human OB, 
and hence the olfsctory intemeuron replacement 
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system, is comparatively smaller than that in 
rodents and is anatomically organized differently: 
therefore, the RMS has remained elusive in the 
human brain 

‘Many species possess an open tube between 
the lateral ventricle and olfactory ventricle, and 
this allows the fee low of cerebrospinal fui 
(CSF) as well as & continuous SVZ between the 
two regions (1, 2). This structure has not been 
previously shown in the human brain. 

Inthe present study, we provide a characteri- 
zation of the human ventriculo-olfactory neu 
genic system (VONS) containing the SVZ, the 
RMS, the olfactory tract, and the OB, We dem- 
‘onstrate that the human RMS is organized around 
«lateral ventricular extension reaching the OB, 

The anatomical location of the RMS in the 
human brain, Analysis of proliferating cell nuckear 
antigen (PCNA) stained sagital human forebrain 
sections (counterstained with Nissl) showed the 
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Fig. 2. The human RMS takes a caudal path en 
Re from the SVZ to the olfactory cortex. (A) 
Nisst staining of human serial sagittal human 
forebrain sections reveals the intense stained cells 
that delineate the path of the RMS behind the 
frontal cortex white matter of the gyrus rectus 
(GR) and in front of the CN and anterior per- 
forated substance (APS); arrows indicate the 
pathway. LV indicates lateral ventricle: gCC, genus 
‘of the corpus callosum; and OT, olfactory tract. 
Scale bar indicates 5 mm. (B) A montage of PCNA 
labeling of the human RMS shows the presence of 
numerous proliferating cells in both descending 
‘and rostral limbs of the RMS. Scale bar, 5 mm. 
(©) Schematic diagram demonstrating the path- 
way of the RMS as viewed laterally. (D) Diagram 
demonstrating the RMS from a frontal-oblique 
angle where the wide dorsal descending timb (DL) 
‘of the RMS descends and narrows to form the 
rostral limb (RU, which enters and courses rostraly 
in the OT toward the OB. (E) High-magnification 
photomicrograph of the PCNA-positive cells in the 
funnel part of the RMS. The area the photo was 
taken from is highlighted with a red box in (B). 


presence of an RMS-Hike pathway. Proliferating 
cells were abserved from the SVZ. adjacent to the 
lateral ventricle overlying the caudste nucleus 
(CN) to the olfactory tract in the base of the 
forebrain (Fig. 1. A and B), A cleft in the oor of 
the anterior hom of the lateral ventricle contained 
large numbers of PCNA-positive cells that were 
continuous with the PCNA-positive cells in the 
that overlie the CN, The stream of eels fist 
takes a caudal and ventral track along the 
undersurface of the CN, caudal to the gen of the 
compas callosum and the fiontal cortical white 
miatir of the gyrus rectus (Fig. 1, Ato D). When 
the descending limb reaches the ventral CN, the 
stream takes a rostral tums to form the rostral firms 
Of the RMS that passes ventrally and rosrally 10 
cemter the anterior olfactory contex (AOC), which 
_8ives rise to the olfactory tract that ads to the OB 
(Fig 1A) Near the SVZ, mere than 20 serial 
sagittal sections extending mediolatrally over 2.1 
mm had PCNA-pesitive cells evident in the 
descending limb at the level of the rostral limb, 
Prolifrating cells only extended mediolstcrally 
‘over 046 mm. Thus, the overall mediolateral extent 
of the RMS is 27 mm fiom the SVZ to the 
olfactory tract, and the total fength of the RMS 
pathway from the SVZ.to the stant ofthe olfactory 
tract is about 17 mm. High-magnification photo- 
‘micrographs revealed the specific nuckear localiza 
tion of the PCNA protein at the funnel where the 
RMS begins (Fig. IE). the decending limb (Fig 
1F). and in the rostral limb (Fig. 1G). 

‘Serial coronal PCNA-stained sections revealed 
that the RMS takes a path fiom medial, by the 
SVZ. to lateral, beneath the CN; close tothe 
the RMS is very wide in the coronal plane (F 
A and B). Coronal scetions taken from the AOC 


region revealed two small oval bunds of PCNA. 
ponitive cells; the more dorsal bundle represented! 
the descending limb of the RMS, and the more 
‘ventral bundle, the rostral limb of the RMS (Fig, 
20), Total cell counts throughout the entre lengths 
ofthe descending limb and the rostral fimb of the 
RMS conducted on three cases showed that the 
RMS comprised 108,300 
SD). Over P% of the PCNA-pewitive 
present in the descending limb and under 10% in 
the rostral limb, suggesting differentiation and 
dispersal along the stream (Fig, 2C). Inthe core of | 
the olfactory trict, PCNA labeling formed 
band. PCNAdabeled cells were present in the 
olfactory tract throughout its extension from 
the caudal region near the AOC (Fig, 2D) to the 
rostral extent, where the olfactory tract enters 
the OB. 

Cell death is not the fate of most of the RMS 
progenitor cells. To examine whether PCNA was 
being expressed in the RMS cells because of DNA 
repair oF apoptosis and riot profiferaion (3), we 
performed terminal deoxynuclootidy| transferase 
mediated deoxyuridine triphosphate nick end 
labeling (TUNEL) to detect DNA fragmentation. 
No TUNEL was present in the descending limb of | 
the RMS despite the presence of many TU 
[esitive cells in the adjacent CN (lig. SI), 

Progenitors in the RMS have migratory 
proteins and a migratory morphology. linn 
‘ostaining for polysialylated- neural he- 
sion molecu: (PSA-NCAM), which is expressed 
‘by migrating cells in the rodent RMS (4, 5), was 
investigated in the SVZ near the cleft, the 
descending and rostral imbs of the RMS, the 
colfctory tract core and periphery, and the OB. In 
cach region examined, PSA-NCAM- positive 


Sagittal sections 


‘Scale bar, 50 jim. (F) Photomicrograph of the PCNA-positive cells in the DL of the RIS. The area the photo was taken from is highlighted with a red box in 
(B). Scale bar, 15 jm. (G) Photomicrograph of the PCNA-positive cells in the funnel part of the RMS. The area the photo was taken from is hightighted with 


‘a red box in (B). Scale bar, 30 ym. 
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cells were present. In the SVZ, the cell bodies 
faced the ependymal layer, and the processes 
‘were oriented away from the ependymal layer. 
The cell bodies were about 10 tw 1S wm in 
diameter, and the kngth of the processes was half 
the widkh of the SVZ (Fig. 3, A to D). The gap 
rogion showed substantial background labeling 
and some small fiber staining (Fig, 3A), In the 
descending limb and the rostral limb of the RMS, 
there were also numerous bipolar and elongated 
PSA-NCAM. positive cells (Fig. 3, E to G). The 
olfactory tract core and periphery were also 
abundant in PSA-NCAM- positive cells that had 
4 morphology and a staining pater similar to 
those seen in the descending limb (Fig. 3, H 
and 1), PSA-NCAM- positive cells in the OB 
‘were more randomly oriented, had fewer pro- 
cesses, and were larger than the cells in the 
olfactory tract core, inxlicating possible early 


Coronal sections 


Fig. 2. The dorsal RMS is a broad band of pro 
literating cell, but ventrally there are fewer cells in 
the RMS. (A) Schematic diagram showing the 
‘orientation and location in the RMS of photomicro- 
‘graphs (B) to (D).(B) PCNA labeling in a montage of 
coronal serial forebrain sections showing the DL 
(arrows) as it courses lateraly from the SVZ, then 
ventral to the CN. Scale bar, 1 mm. (C) PCNA labeling 
in a coronal section of the ventral forebrain showing 
across section of the DL (arrow) and the RL (arrow) of 
the RMS. The graph shows the total number of PCNA- 
Positive cells in the RL compared with that ofthe DL 
‘of the RMS (n = 3). Scale bar, 200 jim. Error bars 
indicate SEM. (D) A longitudinal section of the OT 
very close to the AOC, showing large numbers of 
PCNA-positive cals. Scale bar, 100 um. 


stages of maturation (Fig. 31). The descending 
limbs had the largest number of PSA-NCAM- 
Positive cells (the most PCNA cells were also 
present) within the RMS: the cell body labeting 
was mainly confined to a discrete bundle of 
bipolar cells (which showed leading and trail- 
ing processes) between the white matter of 
the gyrus rectus and the CN (Fig. 3E). In ad- 
dition, small numbers of scattered PSA-NCAM 
Positive cells were seen just outside the main 
‘bundle, coursing into the surrounding white 
matter. In the rostral limb of the RMS, the 
‘momhology of the PSA-NCAM cells was similar 
to the morphology of those in the descending 
limb (Fig. 3, E and F). Blll-tubulin, an immature 
neuronal marker, was examined in the SVZ, the 
descending limb, and the olfactory tract. Fiber 
staining was observed in the SVZ beneath the 
{zap region and close to the SVZ. as well as in 
the descending limb of the RMS (Fig. 4, A 10 
C). In the descending limb, the fibers were 
particularly long and discretely located in the 
‘same place that PCNA immunoreactivity was 
located (Fig. 3. B and C). We performed double 
labeling and laser scanning confocal micros- 
copy for PSA-NCAM and pill-tubulin, which 
demonstrated that in the -NCAM and 
BILL-tubulin are colocalized on the same bipolar 
ls (Fig. 4, D to F), Double-labeled PSA- 
NCAM- and plll-tubulin-positive cells were 
seen in the olfactory tmet (Fig. 4, G to 3), as 
well as in the OB. 

Ultrastructural studies verify that the human 
‘SVZ contains cells with migratory-tike morphol- 
‘ogy. In the adult mouse brain, where neuronal 
migration ffom the SVZ is common, ultrastrac- 
{ural and! immunolabeling studies demonstrated 
neuronal precursors in the SVZ 
"AM (Doetsch classification, type 
A cells) (6, 7), We sought to detemnine whether 
the human SVZ had similar migratory, type A 
cells. Electron microscopy (EM) revealed dif 
cent types of cells that coukl be identified on the 
basis of their nuclear morphology and overall 
shape (Fig. 4K). Type A cells had an elongated 
cell body and a smooth contour, Their nuckei 
contained fax chromatin with one or two sal 
nucleoli. They were located between the myelin 
layer and the ependymal layer. Positioned at the 
interface of the SVZ and myelin layer were 
the type BI cells. These cells contained ir- 
regular nuclei with frequent invaginations and 
‘clumped chromatin [see (N) for a detailed anal- 
ysis of type A. B, and C cells in the human 
], We also detected an astrocytic ribbon in 
the SVZ of the adult human brain that contained 
dividing astrocytes (fig. S2), confirming previ- 
‘ous work (A). 

Progenitor cells become neurons in the OB. 
We used human OB from patients that had been 
administered. $-bromo-2'<Jeoxyuridine (BrdU) 
for the purpose of tracing the development of 
laryngeal and pharyngeal carcinomas. BrdU is a 
‘thymidine analog and labels cells in the S phase of 
the cell eye (9, 10), We double-labeled the OB 
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‘with neuronal nuclei (NeuN), @ mature neuronal 
‘marker, and an antibody against BrdU. Laser- 
scanning confocal z-series analysis revealed the 
colocalization of BrdU! and NeuN in the same 
cells in the periglomerular layer (Fig, 4L), 
confimning previous work (17). 

The human RMS is organized around a 
tubular extension of the lateral ventricle that 
reaches the OB. We performed gross dissection 
of the OB that revealed that the rostral OB 
region contains a hollow ventricle (Fig, 5, A 
and B). At the light microscope level, the wall 
of the olfactory ventricle was a scant layer of 
cells, although some of the cells were aligned 
an ependymal-tike layer (Fig, $C). Ultrastruc- 
tural analysis also revealed a loose cell structure 
in the wall ofthe olfactory ventricle; cells in the 
wall of the ventricle were nonciliated. The core 
of the ollictory tract also contained a hollow 
tube with predominantly acellular walls and 
associated blood vessels (Fig. SD). Immuno- 
histochemistry for PCNA at various anatomical 
planes of the descending limb of the RMS also 
revealed the RMS to be organized around a 
hollow tubelike structure (Fig. SE). 

By using magnetic resonance invaging (MRD) 
scans, we observed a central high signal con- 
sistent with fluid in the center of the OB, Sur- 
rounding the central core there was low-signal 
(black) OB tissue that was in the 
OB overlying the eribriform plate 
1). The visualized (with MRI) olfactory ven- 
tricle measured about 7 mm in length (Fig. 5, 
Fand G), with a transverse diameter of about 
1.5 mm (Fig. SH), 

Ultrastructural studies reveal progenitors at 
all levels of the RMS that have migratory 
morphology. Next, we wanted to determine the 
cell types present in the human VONS compared 
‘with the rodent brain, focusing on the OB, the 
olfactory tract, and the AOC with Fight micros 
‘copy (LM) and transmission electron microscopy 
CTEM). Figure 6A shows the location of simples 
for TEM and LM examination. In the OB on the 
‘ventral side, there were numerous large glomerular 
structures that had a prominent nerve fiber with 
‘nukiple smaller branches and abundant synapses 
(Fig. 6, B and C), In the core region of the OB, 
caudal tothe olfactory ventricle, a lange number of | 
Drogenitorike cells were observed that had round 
‘nuclei and widespread cuchromatin, These cells 
tended to be clustered in comparison with the 
‘mture cells in the OB that had irregularly shaped! 
‘nuclei and predominantly heterochromatin (Fig. 6, 
D Ww G). The olfactory tract also contained 
numerous round progenitor cells that often 
appeared in groups (Fig. 61D). LM and TEM 
examination of longitudinal olfactory tract 
sections revealed groups of cells with elongated 
‘nuclei that were always oriented in the long axis of | 
the olfactory tract (Fig. 6,1 to K). In longitudinal 
sections, the cells offen overlapped each other 
(Fig. 61), and the leading end of the cells. was 
‘usually prominent and for the most part fee of 
‘organelles (Fig. 6). EM of the longitudinally cut 
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1 revealed that progenitor cells had a pointed. ni 


arow leading process that contained a few — much wider th 


the AOC, pe 


mitochondria, whereas the tiling arca of the cell 


PSA-NCAM 


Fig. 3. Neuronal precursors in the human RMS express the migratory protein 
PSA-NCAM. (A) PSA-NCAM is expressed by precursors in the SVZ, suggesting 
the presence of migratory cll at the start ofthe RMS, Scale bar, 100 jum, (B) 
PSA-NCAM with a Hoechst nuclear counterstan inthe V2. Scale bar, 6 ym. (A 
PSA-NCAM DAB stained cell the SVZ with short proceses and a small cel boy. 
Scale bar, 6 ym. (D) PSA-NCAM cells are mostly located beneath the gap region 
of the SVZ. Scale bar, 6 um. (E) PSA-NCAM-postve cls are present inthe DL 
of the RMS and have a bipolar morphology. Scale bar, 25 jim, PSA-NCAM cells 
are in both the periphery (RANSp) and the core (RMSO) of the RMS. (F) PSA 
NCAM-positve cells are aso present inthe RL ofthe RMS and have a bipolar 
morphology, just ass inthe DL. Scale bar, 40 jim. (G) Dakfeld imaging ofthe 
DL ofthe RMS reveals threadtke fibers that make up a chain of cls in the core 
and periphery of the tract. The borders of the tract are delineated with 
dotted lines. Scale bar, 40 jm. (H) Fluorescent immunolabeling for PSA- 
NNCAM (red) and Hoechst (blue) staining of the OT reveals PSA-NCAM. 

positive cells in the OT periphery (tract p, arow). Seale 

more randomly oriented and larger than in the trac, sug 


3+tubutin 


Fig. 4. Immature neurons that express both pilll-tubulin and PSA-NCAM are 
present in the RMS, and some mature in the olfactory bulb and express New. 
(A) The immature neuronal marker il-tubulin forms a meshwork in the SVZ 
beneath the gap region. Scale bar, 20 jum. (B) The DL of the RMS has a 
bundle of {iltubulin fibers that follow the same path as the PSA-NCAN- 
positive cells. Scale bar, 20 ym. (C) High magnification of 2 ill-tubulin— 
positive cell that reveals a cell body and two long processes that are oriented 
along the long axis of the DL of the RMS. Scale bar, 10 ym. (D) PSA-NCAM, 
and (E) filltubutin are colocalized in the same cell in the SVZ, as evidenced 
by the merged picture in (F). Scale bar, 20 um. in the OT, (G) PSA-NCAM, (H) 
lll-tubuin, and (l) Hoechst are colocalized (J) in the same cell in the 


bar, 25 jm. () The OT co 
ing early stages of maturation (high-magnification insed). Scale bar, 40 jm. 
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wlles and was layer (Fis 


process (Fig 6K). b 


6L). Collectively, progenitor cells in the 


RMS share some ultrastructural features with cells 


ation in the mdent RMS 


nd the OB have many PSA-NCAM-positive cells; in the bulb, the cells are 


B3-tubutin 


periphery of the tract. Scale bar, 25 jum. (K) The rodent SVZ is enriched in 
type A cells that have an ultrastructure corresponding to the PSA-NCAM- 

positive cells that migrate in the RMS. This is an electron photomicrograph of 
Cells in the human SVZ. Type A cells had an elongated cell body and smooth 
contour. Their nuclei contained lax chromatin with one or two smalt nucleoli 
They were located between the myelin layer (MU) and ependymal layer (EPU. 
Positioned at the interface of the SVZ and myelin layer were type B1 cells 
These cells contained irregular nucle with frequent invaginations and clumped 
chromatin. (L) A cell expressing the mature neuronal marker NeuN (red) and 
the thymidine analog BrdU (green), indicating that adult-born neurons exist in 
the OB. Scale bar, 10 jum. 


led that the 
were alo 


(7), Furthermore, immuno-TEM reves 
cells with a migratory-like mompholo 
Positive for PSA-NCAM (fig. $3). There was an 
electtondense cell membrane as a result of the 
PSA-NCAM contrasting: furthermore, there were 
many contrasted processes. showing immuno- 
Positivity for PSA-NCAM (fig, $3). In the AOC 
the progenitor cells were plentiful and tightly 
packed together with myelinated nerve fibers and 
mature cells 

Pax6, Olig 2, and DCX gene expression is 
consistent with differentiation along the VONS. 
Next, we investigated the differential gene ex- 
pression pattem in different parts of the olfactory 
system. We performed reverse transcription poly 
merase chain reaction (RTEPCR) on fies human 
brain homogenates fiom the AOC. the 
tract, and the OB, We chose to 
senger RNA (mRNA) for three factors th 
late differentiation of olfactory neurons: Pavd, 
Which induces difterentiation 
hibits differenti Ke cortin (DCX), 
\hich promotes cell migration (Fig. 6, Mand N), 
Gilyceraldchyde-3-phosphate dehydro 
(GAPDID wa n internal contol (2-14). 
As expected, Pax6 was highly expressed in the 
OB and weakly expressad in the AOC and the 
olfactory tract (Fig. 6M), This is consistent with 
previous studies showing the importance of Pax6 
for the fate specification of pro 
periglomerular neurons in the OB (/2). In com 
1. expression of Oliy2, a transcription factor 
thought 1 inhibit olfactory neu 


‘Olig2, which in 


differen 


n, was much higher in the olfactory tract 
compared with in the OB (Fig. 6M). REPCR for 
DCX revealed extensive expression in cach 


region ofthe VONS examined, athough 
pression was higher in the OB than 
olfactory tract and the AOC (F 
rodent brain, DCX is expressed thro 
the olfactory system by progenitor cells that are 
migrating from the SVZ toward the OB (15) 
Therefor. itis not surprising that we see DCX 
mRNA evenly abundant in all regions of the 
VONS in the human brain. To confirm the PCR 
results, we immunostained various parts of the 
VONS with antibodics to Pax6, Olig2, and DCX 
(ig. 4) 
ur work demonstra a remarkable simi 
lesty between human and rodent 
tems. However, be 
cnlargement of the frontal corte in the hun 
forebrain, mest of the rostral CN, SVZ and foot 
cortex are locate at levels rostral othe olfactory 
tubereke. The RMS in the human brain mus 
therefore, take a canal path before entering the 
olfactory tract. In fit, forwand rotation of the 
by about 75° shows the RMS 10 
entation comparable wo that of 
nd rtatively 
i accounts for this 


Iactory sys 


ise of the pronounced 


rodent forcbra 
be situated i 
the human; the 
smaller OB in the hun 
cometric difference between the human and the 
rodent RMS, Because the human RMS is 
relatively small and takes a caudal path before 
centering the olfactory tract (Fig. 1C), 
sefial sagital sectioning of whole forebe 
required tosoe the long axis of it (for 
1A versus Fig. 2C) Previous 
RMS (16) were probably unsuccessfil 


er frontal cortex. 


hum 
because of the use of coronal sections in these 
stualies. Our group has the access to lange numbers 
‘of normal, well-preserved, perfisea, whole hur 


brains that was necessary for this extensive 
analysis of the VONS, 

The VONS cont 
«ral ventricle, the ventricul 
(VOE), that appears to be Muid-filled and is 
connected via a pttent duct 0 the OB in the 
ventral forebrain, Thus, it appears that the 
brain contains a continuous SVZ. 01 
around the VOE that connects the lateral and 
the olfactory ventricles. The organization of the 
RMS around the VOE could support the notion 
that the migration of neuroblasts may be in- 
fluenced by CSF circu 
gested (17) 

Progenitor cells in the human VONS express 
PSA-NCAM and DCX, two proteins important 
for cell migration in the rodent RMS (/8-20), 
These cells have many ultrastructural character 
istics that have previously been used as reliable 
indicators of neuroblast migration in the rodent 
RMS (/7, 2/), The close association of the pro- 
genitor cells 16 one another 


ins an extension of the lat 


olfactory extension 


ion, as recently sug. 


progenitors n 
alternative 
cellular matrix surrounding the VOE (2/), On 


the progenitors may use th 


the basis of the morphological characteristics of 
cells within the human VONS, the expression 
of mi fotcins, the orientation of the 
Ieading processes in the direction of migration, 
and the emergence of new neurons in the OB, 
we conchide that the cells within the human 
VONS probably undengo directed migration 
toward the OB, Studies in higher img 
have established that insults to the brain can 
induce neurogenesis via the recruitment of 
enitor cells from the RMS (22), Our study 


Fig. 5. The OB contains a hollow CSF-filled ventricle. (A) Diagram showing 
the hollow OB and part of the human olfactory sytem. (B) Dissections of the 
human OB reveal a hollow OB. The double arrow indicates the width of the 
olfactory ventricle. (C) LM of thin Richardson-stained sections showing 
tunciliated, loosely packed cells in the olfactory ventricle wall (arrows). Scale 
bar, 100 jim. (D) Cross sections ofthe OT core reveal a hollow tube (double 
arrow). Blood vessels are indicated by single arrows. Scale bar, 10 um. (E) A 
coronal, PCNA-stained section reveals a tubelike structure (double arrow) in 
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the DL of the human RMS. Scale bar, 50 um. (F) Sagittal, high-resolution 
heavily T2-weighted MR images of the rostral part of the human forebrain 
reveal that the elongated olfactory ventricle is infact fluid-filled (arrow and 
red ring around the OB). (G) Axial MR image demonstrates fluid in the OB 
ventricle (red ring around the OB and arrow pointing to the central fluid 
compartment). (H) Coronal MR image shows two small fluid-filled compart- 
ments, one in each OB (red ring around the OB and arrow indicating the 
‘central fluid compartment), 
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Fig. 6. Morphology and transcription factor expression in different parts of 
the VONS. (A) Diagram of the human VONS illustrates the location and 
orientation from which images (B) to (U were taken, (B) A 0.5-um-thick 
Richardson-stained section of the olfactory nerve fibers (arrows) in the OB. 
Scale bat, 100 jim. (C) Fibers of an olfactory nerve clase to the surface ofthe 
(08 (arrow) and a synapse with another nerve fiber (red ring). Scale bar, 2 
jum, (D) The central region of the OB core contains progenitors (arrows) and 
‘more mature cells with irregularly shaped and densely stained nuclei (red 
Fing). Scale bar, 100 jm, (E) Progenitor cells (three cells to the left) with 
aligned euchromatin and a mature cell (right) with heterochromatin and an 
inregular nucleus. Scale bar, 5 yim. (F) A mature cell with dense chromatin 
and an irregular nucleus, features of type B2 astrocytic ces. Scale bar, 2 
jum, (G) The interface between an active (young) cell and an inactive (old/ 
heterochromatin) cell is made clear by the nuclear density. (H) The OT 
contains round progenitor cells (arrows) that appear to be clustered together. 
Scale bar, 25 jim. () Progenitor cells with migratory features: elongated cell 
bodies and nuclei close to each other, with the leading process of one 


indation for this possibility in the 
brain, 


The olfactory system has evolved as an im- 


nals to hun 


adult neurogenesis may be conserved from lower 1. 


progenitor overlapping another progenitor (arrows). Scale bar, 25 yim. ()) A 
long leading process on a progenitor cell in the OT (arrow), The nucleus i 
elongated in the direction of the tract. Scale bar, 25 yim. (K) The 
ultrastructure of an elongated progenitor cell. The cells have an oval-shaped 
‘nucleus (inthis plane), and cytoplasmic organelles are mostly located in the 
thickened trailing component of the cell (arrows indicate the cell 
membrane). Scale bar, 5 jim. (W The AOC has many nerve fibers (parallel 
pair of arrows). The progenitor cells are present in one layer (single arrows). 
‘Scale bar, 100 yim. (M) Paxé mRNA is highly expressed in the OB but notin 
the AOC or the OT. Otig2 is highly expressed in the OT and weakly expressed 
in the OB, DOK mRNA is expressed in AOC, OT, and OB. The housekeeping 
‘gene GAPDH is expressed equally in each region examined. (N) Scheme 
illustrating the relative abundance of Pax 6, Olig2, and DCX during the 
differentiation of progenitor cells, 
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to detect 


portant survival sys igns of danger 
such as smoke nated food. The 
auklition of new neurons in the human OB in 
adulthood may contribute to plasticity in this 
system, In rodents, the tumover of n 
the adult OB is regulated by experience and 
modulates the circuitry in response to external 
stimuli, Some indications on the functional role 
of adult OB neurogenesis in humans may be 
_zained from pathological conditions, Progenitor 
proliferation in the SVZ and neuroblast migra- 
tion is reduced both in 
patients with Parkinson's disease (2 
Reduced OB neurogenesis in rodents results 
in impaired odor discrimination (25), a com- 
mon and early sign of Parkinson's disease in 
humans, The presence, but also the function, of 


uromns in 
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Predictions of the Properties of 
Water from First Principles 


Robert Bukowski,” Krzysztof Szalewicz,* Gerrit C. Groenenboom,? Ad van der Avoird” 


‘A force field for water has been developed entirely from first principles, without any fitting to 
‘experimental data. It contains both pairwise and many-body interactions. This force field predicts 
the properties of the water dimer and of liquid water in excellent agreement with experiments, 
a previously elusive objective. Precise knowledge of the intermolecular interactions in water will 
facilitate a better understanding of this ubiquitous substance, 


rater has been extensively studied on 
of its ubiquity and impor- 
ince for so many aspects of human 


The deceptively simple water molecule 
forms one of the most complex liquids and 
solids, and investigations continue to focus on 
all forms of pre water, including small clusters 
fog. Us 2)) bulk liquid [eg.. (2-6)}. and a 
multitude of ice polymorphs. Similarly numer- 
‘ous are theoretical analyses of water, all of 
‘which require knowledge of the intermolecular 
potential (the derivatives of this potential give 
the finee field that governs the dynamics). Most 
‘such investigations use empirical pair potentials 
fitted to reproduce certain measured balk prop- 
erties in Monte Carlo (MC) or molecular 
dynamics (MD) simulations of water, These 
Wective” potentials account for the important 
rictions in water by (non: 
1) deformations of the true pair potential 
The well-known result is that such potentials 
poorly describe the water dimer, give very in- 
e second virial coeflicients, and fail to 
reprxluce experimental spectra of small. water 
clusters. Therefore, studies of molecularseale 
properties of water with empirical potentials, such 
as the molecular jumyp mechanism of water re- 
orientation (7), may suller from an inadequate 
representation of the force fiekl. Another known 
drawback of empirical potentials i thatthe quality 
‘of their predictions deteriorates quickly beyond 
the range of thermodynamic parameters used in 
the fiting procedure. Moreover, there does. not 
appear to be any systematic method to improve 
the predictive accuracy of these potentials. 


Department of Physics and Astronomy, University of 
Delanare, Newark, DE 19716, USA “Theoretical Chemistry, 
Instute for Molecules and Materials, Radboud Univesity 
Nijmegen, Toemociveld 1, 6525 ED Nimegen, Netherlands 


Another way of oblaining the force 
which docs not require prior knowledge of any 
‘experimental data—is by quantum mechanic 
ab initio calculations, Such an approach 
provide the most relisble foundation for an 
understanding of water and other substances 
However the accuracy of ab initio force fickls is 
Fimited by unavoidable approximations in. the 
level of theory and incompleteness of basis sets 

A first-principles approach can proceed 

either “on the fly” (ie. by computing the elee- 
tronic enengy tir cach configuration of the NV 
molecules present in a simulation of bulk water, 
Where V at least equals 32) or by computing the 
interaction energy as a sum of relatively simple 
analytic many-body potentials (pai, three-body, 
tc.) fitted beforehand to ab initio data. The 
former approach can be realized only with the 
fastest electronic structure methods such as den- 
sity functional theory (DFT). Although for some 
time the published results suggested that this 
approach reproduced the properties of liquid 
Water very well. recent work fis shown that this 
wercement was duc to fortuitous choices of the 
DFT functionals (8). Even for the same func- 
tional, different values of some parameters in 
the simulations may lead to markedly different 
predictions eg. the results in (9) and (/0)) 
Moreover, the curent DFT approaches cannot 
describe the dispersion component of the inter- 
molecular interaction energy. which is non- 
negligible in water, 

‘The many-body expansion of the potential 
requires ab initio calculations on dimers trim 
sand larger clusters Ifthe many-body expansion 
converges sufficiently rapidly, such calculations 
‘can be restricted to only a few small chasters and 
can make use of accurate electronic structure 
methods. In practice, the interaction eneng 
must already be well reproduced at the thre 
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body level, because calculations of the complete 
four-body potential for water would be 100 
time-consuming, An important advantage of 
using the many-body expansion approach is that 
it can be systematically improved by extend- 
ing the level of theory, using larger basis sets, 
calculating more grid points, and improving the 


form of the fitting function. A large number of 


ab initio water dimer potentials have been 
published eg. (1/-16)). However, so fir no 
first-principles approach has simultaneously 
reprexluced the experimental results for both 
the water dimer and the condensed phases of 
water. Here we present substantial progress 
towand this goat 

We developed a pair potential for water on 
the basis of the coupled cluster method with 
nd noniterative triple excitations 
ICCSD(T)}, generally regarded as the most ae= 
curate of practically applicable electronic struc 
ture methods. We have used the 
2510 carefully selected grid points as in the 
'SAPTSs potential developed previously by our 
group (/2). The HO monomer was assumed 10 
be rigid in the averaged ground-state vibrational 
geometry, as in (/2). For each rid point, we 
first computed the interaction enengies with the 
use of sceond-order perturbation theory based 
fon the Moller-Plesset partitioning of the Hamil- 
tonian (MP2), The MP2 energies were com- 
puted in augmented triple- and quadruple-reta 
quality basis sets supplemented by midbond 
functions. The enemies were then extrapolated 
to the complete basis set (CBS) limit by means 
of the welkestablished extrapolation formu 
mvergenice rate proportional 
to the inverse third power of the cardinal num- 
ber of the basis set. The CCSD(T) contribution 
beyond the MP2 level was computed in the 
triple-zeta quality hasis set anda to the extrap= 
lated MP2 values. We also performed single- 
point calculations ina quintuple-2eta quality 
basis. The hasis set convengence patterns indicate 
that the uncertainty of the computed interaction 
energies is about 0.07 keal’mol. For compari- 
son, the uncertainty of the SAPT-Ss potential 
‘was 03 kealimol. The accuracy of the current 
calculations is virtually the same as that of the 
most extensive published ab initio work [e.g 
(Z7)], However, the cited calculations have been 
performed only fora few selected geometries of 
the dimer, whereas we have obtained the com- 
pte six-dimensional potential surface. 
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We fitted the computed interaction energies 
by an analytic potential function. The form of 
this function is analogous to that used for the 
SAPT-Ss potential (/2) except for an added 
“polarization” term to streamline molecular sim 
lations. This term also fits the induction enerey 
more accurately than did the site-site expansion 
used in SAPTSs, A single polarizable center, 
‘almost identical to that used in the SAPT three- 
‘bexly potential of U8, 19), was placed 0.194600 A 
away from the oxygen atom toward the hydro- 
ens and had an isotropic polarizability of 
9,922 bok’, During the fit of the asymptotic 
ccoetticients of the potential (in a manner anako- 
‘gous to (/2)} the contribution of the polarization 
term was subtracted trom the long-range interac 
tion enengies. The rot-mear-square deviation 
(RMSD) of the fit for the points with negative 
‘energies was 0,09 keal‘mol, The analytic polariz- 
fable potential produced by this fit is hereafter 
termed CC-pol. The finetional fon of CC-pot 
represents @ goo! compromise between the a= 
‘curacy of reproducing the computed points ant 
the simplicity needed for motecular simulations. 

‘The CC-pol potential was used in narly 
‘exact quantum mechanical calculations 4 pre- 
dict the spectrum of the water dimer. The inter- 
molecular vibrations of this dimer are strongly 
anharmonic, and its ro-vibrational levels. are 
split by quantum mechanical tunneling betwee 
eight equivalent equilibrium geometries (20) 
The largest splitting a(A) is due wo the acceptor 
switching tunnefing: smaller spitings fy and és 
originate from the donoracceptor interchange 
tunneling. The vibvation-rotation-tunncling (VRT) 
levels for states with overall rotation quantum 
numbers. and K equal to 0, 1, and 2 were com 
puted by an approach described in (2/) that is 
similar to a coupked-channel scattering method, 
well convenged with respect fo the number of 
‘channels included, It has been shown (22) by 
calculations with various water potentials from 
the literature that the VRT levels of the water 
dimer are extremely sensitive 10 such details as 
the shape of the anharmonic potential wells and 
the barriers between these wells, 

‘The CC-pol dimer levels agree very well 
with the levels deduced from the measured 
spectra, both for the ground state and for the 
excited intermolecular vibrations (Fig. 1). The 
‘only substantial error occurs for the interchange 
spliting (0) * a1), which is 19% too lange. 
This observable is particularly sensitive to mono 
mer flexibility effects that decrease its value 
(23). Thus, rigid-monomer potentials such as 
CC-pol should overestimate this sphiting. 

‘The CC-pol prediction of the dimer spec- 
tra is markedly better than these of the earlier 
ab initio potentials: ASP-W. ASP-S, SAPT-Ss. 
TTM2.1. and SDFT-5s (Table 1), The empirical 
‘TIPAP and MCY-KW potentials fail completely, 
‘even though the latter is polarizable and was 
partly fitted 10 ab initio data. The agreement of 
the CC-pol spectra with experiment represents 
fan improvement over the predictions of the 


VRT(ASP-W)IIL potential, containing parame- 
ters fited to these spectra. Only SAPT-Sst, 
which was tuned 10 reproduce the measured 
spline (0) * a(l), and VRTIMCY-SD give 
somewhat better agreement with the measured 
dimer levels, The VRT(MCY-S1) potential is, 
12imensional (ie, it includes flexible mono- 
mets), and all of is parameters were optimized 
to fit the 130 dimer spectra. I has not yet baen 
{ested in simulations of liquid water (see below), 
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157.5 /153.6 


417.9 /1202 
1157 (1089 
111.0 /1079 


‘Acceptor tunneling 


‘a(K=0) + a(K=1) = 1658 /13.92 


Fig. 1. VRT levels of the H20 dimer (in cm”) from converged calculations with the CC-pol ab 


potential (first number, in red), in comparison with 


The second virial coefficient computed from 
CC-pol agrees very well with the compilation of 
experimental results by Harvey and Lemmon 
(24) (Fig. 2). For temperatures lower than 500 K, 
it proves even more accurate than SAPT-Ss, 
‘which was sufficiently accurate to guide the 
perimental determination (24). 

The CC-pol potential was also applied to- 
xgther with the SAPT three-body potential from 
(IS, 19) in NVE (constant number of panicles, 


1447 


1958 
1288/1236 


114.1: /1100 


904 


7347.48 
0.422 /0.411 


eM 
051/054 A,B, 
Gs 


K=1 


initio 
experimental data (32, 32) (second number, in 


black). Virtualy all the measured levels have been shown except for some data for the ground state 
nearly redundant with those presented. The symbols 4* and 6;* are standard spectroscopic notations for 
VRT states [see (22)]. Abbreviations for modes: GS, ground state; DT, donor torsion; AW, acceptor wag: 


AT, acceptor bwist; DT?, donor torsion overtone. The individual GS splittings a(K) for K = 


‘and K =1. could 


‘not be measured, so ther sum is used in the comparison. The eacited levels are drawn ata smaller energy 
scale than the GS levels and the small splittings are omitted, that i, the origins 1 and 2 (the averages of 
the Ax*, Bx" and Az*, By* levels, respectively) are shown, 
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volume, and energy) MD simulations of liquid 
water in ambient conditions. The three-body 
potential used was fited t ab initio calculations 
forthe water trimer. [isthe only such potential 
that includes three-body exchange terms in ad- 
dition to polarization effects, The four- and 
higher-body effects were computed with the 
polarization model included in CC-pol (apply= 
ing proper subtractions to avoid double counting 
‘of 1o- and thiee-body induetion effets). Up to 
512 molecules were uscd and the velocities 
were sealed during the equilibration to achieve 
the ambient amperature, Most calculations were 
performed with 256 molecules in a box size of 
19.71 A, corresponding to a density of 1 gem’. 
The time step was 1 f and the simulation time 
was 30 ps, including a 10-ps equilibration period 
‘The radial atom-atom distribution functions ey 
cobjainedin these simulations are shovwn in Fi. 3 
The simulations with only the pair potential result 
in gxy values quite different from the measured 
cones, thus revealing the enieial role oF pai 
nnonaditve forees in water. Inchading the many= 
body nonadditive potential with the paironly 
CC-pol potential (CC-pol NB curves) strongly 
improves agreement with experiment. In- par 
ticular, the positions of the minima and maxima 
fon the Zoo curve, which are measured mest 
accurately, ane in nearperfeet agreement, The 
‘gow and gu fictions from CC-poly NB caleu- 
lations reprxtuce the experiment equally. well 
The CC-pol NBGind) model which repre 
both the pair and many-body polarization effects 
just by the simple polarization term in CC-pol 

also gives gy funetions that agree very well with 
experiment. This observation is encouraging 
because many-body effeets beyond the polariza- 
tion model are very difficult to compute. We note 
that the agreement is likely as good! as possible 


‘considering the neglected quantum and monomer 
flexibility effgets. In particular, there are indica 
tons (70) thatthe ater make the frst mininnur in 
200 deeper, which would improve the agreement 
‘with experiment, although quantum effects (25) 
may partly cancel this tren. 

The gxy functions obisined from CC-pol 
reproduce the experimental data virally as well 
as the empirical potentials fited to bulk water 
“observables, We computed RMSDs from experi- 
mnt for three characteristic points on each curve: 
first maximum, frst minimum, and second maxi- 
mum. This quantity amounts to 0.13 for CC-pot 
and 0.15 for TIPSP (26. 

‘The empirical potentials fitted to spectral data 
\were recently used in simulations of liquid water 
With the many-body effects deseribed only by a 
simple clasical polarization model (27) The 
empirical VRTVASP-W)lIl_ potential performed 
rauhor well. Thus, among all published potcrials, 
\VRTVASP-W)ll provides the best overall (ie, for 
‘both clusters and liquid water) agreement with 
‘experiment. Akhough VRTUASP-W IT gave radi- 
al distribution functions in good agreement with 
‘experiment, overall the CC-pol potential compares 
more favorably. The RMSD for the three charac- 
teristic points on the thiee sexy VRTASP-Wyll 
curves is 0.21. In particular, the first peak on 
the VRT(ASP-W)III soo curve is about 19% 
100 low, whereas it is within S% of experiment 
in the CC-pol simulation. The 12-dimensional 
VRTIMCY-S1) potential has not been used in 
simulations so far, Its rigid form with added 
polarization effects, VRTIMCY-Sripol, per 
formed poorly in simulations, producing pair 
distribution curves similar to those given by the 
tworbody-anly CC-pol (ie, the dotted curves in 
Fig. 3), Also, SAPT-Sst performed rather poorly in 
Figuid water simulations, similarly to SAPT-Ss. 


Table 1. Rootmean-square relative percentage errors in various properties of H,0 dimer from 
calculations with different potentials, compared with experimental data from (32, 32) and references 
therein, The following properties ae used inthis analysis: ground-state rotational constants A and B + C, 
‘ground state tunneling splittings a(0) + a(1) (acceptor switch), i, and fz (donor acceptor interchange), 
and frequencies of the intermolecular vibrations DT, AW, AT, and OT? for K = 0 (see Fig. 1). For more 


information on these properties, see (22), 

Potential Rotational constants Tunneling splittings Vibrational frequencies 
MCY-KW" Eat 7 7 
TiPaPy “4 a1 23 
ASP-WE 74 325 pu 
ASP-St 52 110 as 
TWM2.15 16 n 12 
‘VRT(ASP-W)ttl | 66 38 71 
SAPT-539 %6 1 
SDFI-5s# 29 35 66 
pot 2a 2 4 
VRTIMCY-Sf"* 38 n v7 
SAPT-Ssttt a7 23 58 


“From energy leek Clade’ i 22) with pterial of G3. fhrom enemy Kes lated meet work wih potent of 


2. 


‘rom ergy keels cakubted in 2 wih potetl of (Som energy lees clad in presert work wing the 


‘potential of (15) with monomer geometries fixed in the equilitrivm poston [From enemy levels calasted in (32, 32, 34) wing 
ASP poesia fom with parame ited to pecral dita, excep fr rtational const aulted in preent wat. From every 
{eves cleat in 21 vith potent of 2), ected eves alte in pret work From energy levels calcein 16) and 


‘inpresent work wih potential of 1). 


“From energy levels caleated in G1, 32,35) wing an extended MCY potential form 


wit all rameters ited to spectral ita. From energy eels clelated in 21 wth potential of 12) tuned to reproduce the 


measured interchange sping of) + of. 
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We also computed the internal energy, the 
selEditfusion coefficient, and the coordination 
number of liquid water. The internal energy for 
the CC-pol*NB model is -10.89 keal’mol, 
compared to the experimental value of -9.92 

(03 kealimol [see (28)]. Our value isin stil eter 
agreement with experiment if the corection for 
quantum effects, equal 10 0.86 kealimol (25), is 
added, The classical and quantum values for the 
TIPAP potential ane -9.81 and -8.95 keal/mol, 
respectively (25), For the diffusion coefficient 
a value of 24» 10° cm?/s was obtained, in 
perfect agreement with experiment (29), This 
agreement is panty fortuitous, as quantum 
flects may increase the theorctical value by 
about $0% (25), The TIP4P potential gives the 
classical and quantum diffusion, coellicents of 
3.6 10°* ems and 5.5» 10°* em®s, respec- 
tively (25). The so-called coordination num- 
ber was determined by integrating the function 
00 Up to the first minimum. The result for the 
CC-pol/NB model is 5.6, whereas the experi 
mental curve (30) gives 48, We have not cal- 
culated the number of hydrogen bonds for the 
CC-pol models, but such numbers ane known 
for the SAPT-Ss models (/8, 14), We found 
that the number of hydrogen bonds is. well 
correlated with the coordination number be- 
cause hydrogen bonds lead to a more struc 
tured liquid and narrower goo peaks, Fe 

example, for the SAPT-Ss'3B, SAPT: 
and SAPT-Ss models, the numbers of hydrogen 
bonds are 331, 3.34, and 2.77, whereas the co 
‘ordination numbers are 7.9, 8.6, and [1.3, respec 
tively. Because the relation between the number 
‘of hydrogen bonds and the coordination num 
ber was found t0 be approximately linear, we 


fi 


Eig 


ome 
09 

Fig. 2. Comparison of theoretical and experimen 

tal second viral coefficients, Theoretical data were 

computed including quantum effects to infinite 

‘order. Experimental data are from (24). 
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Fig. 3. Atom-atom radial distribution functions from MD simulations based on the CC-pol potential. See 
text for explanations of acronyms, The experimental curves are from (30). 


could exira 


his dependence to obtain 3.8 
hydrogen bonds for the CC-pol NB. model 
Thus, this model supports the standard picture 
‘of water, wherein eich molecule is on average 
nost tetrahedrally coordinated, rather than the 
lower coordi 


umber, 11,9 (the extrapolated number of hy~ 
drogen bonds equal to 2.7). Hence, the many- 
body imtenictions play an important role in 
determining the structure of liquid water, partic= 
arly in predicting tetrahedral coordination 

‘The ab initio water pair potential developed 
in this work recovers well a diverse range of 
experimental data from water dimer 1 liquid 
\water. It predicts dimer spectra and second! virial 
ccoeflicicnts that not only agree well with exist- 
ing experimental data, but also can be con 
sidered to complement experiments in spectral or 
temperature ranges inaccessible to measurement 
When the CC-pol potential together wit 
earlier representation of dae-bodly forces (/8, 19) 
\vats used in simulations of liquid water the pre= 
lictions agreed well with the neutron and! x-ray 
diflitetion data. These predictions, made entirely 
from first principles, are of comparable accuracy 
to results of simulations with empirical potentials 
fitted to liquid water experimental data. 

We believe that the ab initio force fick! 
presented here will find numerous applications in 
predicting the properties of water. It can be used, 
{or example, to resolve the current controversies 
about the coordination of water molecules in the 
liquid (3-6). The analysis of the temporal struc 
tures in MD simulations should provide the ul 
timate picture of liquid water. The foree field ean 
also be used to investigate the numerous poly- 
morphic forms of ice. Important applications ean 


be made in extreme regimes where empirical 
potentials fail completely, such as supercritical, 
‘overcoolad, oF confined water 

Further improvements in the first-princt 
predictions for water shouk! take accou 
monomer flexibility and of quantum effects 
the liquid simulations. For the former case, the 
first step has recently been attained (25), Quan- 
tum effects in molecular simulations ean be ac- 
‘counted for by either path-integral MC or centroid 
MD (25) methods 
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The Focusing of Electron Flow 
and a Veselago Lens in Graphene 


p-n Junctions 


‘Vadim V. Cheianov,’* Vladimir Fal’ko,? B. L. Altshuler? 


The focusing of electric current by a single p-n junction in graphene is theoretically predicted, 
Precise focusing may be achieved by fine-tuning the densities of carriers on the n- and p-sides of 
the junction to equal values. This finding may be useful for the engineering of electronic lenses 
and focused beam splitters using gate-controlled n-p-n junctions in graphene-based transistors. 


interfere. The electron microscope is one example 


ere are many similarities between optics 
| and electronics. Rays in geometrical optics 
are analogous to classical trajectories of 
electrons, whereas electron de Broglie waves can 


of the technological implementation of this 
similarity. The analogy with optics may also hold 
considerable potential for semiconductor elec- 
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tronics, In optics, transparent interfaces between 
materials are used in lenses and prisms. 10 
manipulate light beams, So fr, interfaces have 
played a rather different role in semiconductors, 
whei ral long time, 
‘occupied by the p- junction (PNJ), As a result of 
a depletion region near the contact between two 
semiconductors with different types of charge 
carriers (and ata ap}, conventional 


‘of electron beams, whick 
a new functionality in microelectronics. From 
this perspective lot of promise is offered by the 
recently dissovered (J) two-dimensional (2D) 
sgapless semiconductor, graphene (2), Fine-tuning 
of the cartier density in graphene by means « 
clecrical gates (3-5) oF doping of the under 
lying substrate (6) was demonstrated, tus 
paving the way towant controllable ballistic 
PNJs, On the one hand, the PNJ in graphene is 
highly transparent for the change carriers (7,8). 
On the other, the transmission of electrons 
through the pv interfice may resemble optical 
reffaction (9) at the surface of metamaterials 
With negative refative index (10-12): The 


‘each other, In the absence of doping, the Femi 
evel in graphe 
to both bands and corresponds to the Bloch 
states in the comers of the hexagonal Beil 
zone of this 2D honeycomb crystal. For the 


states with a small quasi-momentum hk counted 

fiom the corresponding comer of the Brillouin 

the dispersion r(k) and group velocity V 
vk, 


ork 
ddeidt hk) of electrons are given by ee(k) 
Ve vk/k in conduction band and ek) 

Vy = vk in valence band (his: Pha 
constant, f/2n). Figure 1 illustrates such a 
dispersion for clectrons in n-type graphene 
the left) and p-type graphene (on the right) 
plit-gate structure (Fig. 1), voltages = 
applied to the two gates shift the degeneracy 
point of the electron dispersion cones down 
by ok, on the left and up by hk, on the rs 


-qy is the radius of the Femi 
duction (valence) band, 

‘The transmission of change through the PNJ 
bears resemblance tothe refraction of fight by left 
handed metamaterials (J0-/2) with reffactive 
index equal to 1. Asa wave enters such a 
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material, the relative direction ofits group velocity 
V and the wave vector k of the wave reverses 
from parallel (in vacuum) to antiparallel. There 
fore, upon refraction, the sign of the tangential 
‘component of the propagatir 
inverts and the nonmal component remains the 
same. As a result, rays that diverge in vacuum, 
become convergent after entering the metamancrial 
(9), For ekxctons in the PNJ, the Fermi momen- 
tum Ky plays the same rok: as the rcfractive 
ndex in geometrical optics, with the sign deter: 
mined by the type of hand — positive for the con- 
duction band and negative for the valence hand. 

Indeod, let us consider, in Figs. 2A and 3A, 


veloc 


a de Broglie wave of an electron approaching 
the PNJ from the side with the velocity. V 
(vw0s0,1sin8,) and the wave vector k 


(kcos sin). At the interface, this wave is 
panly reflected to the state with the wave vect 
k= (A.cos0,£.sin0,) and partly transmitted 10 
the valence band state with the velocity V 


REPORTS [ 


in®,) and the wave vector k 
Chycos8,.-hysin®,) on the p-side. For a sharp 
PNJ, the probability of the transmission is 
cos" 8./c0s7(158, + '48,) (7, 8). Because the 
component of the electron tum along a 
ssraight interface should be conserved, A:sin®, 

which determines Snell's law for 


The negative sign of 1 in Eg. 1 implies that 
the PNJ transforms a divergent flow of electrons. 
mitted by a source on the r-side into a con- 
vergent flow on the p-side. This results in fo- 
cusing (Fig. 2A) for a symimetrie junction, py 
pe corresponding to 7-1. Under the latter con 
dition, electrons injected at (-40) inthe n-region 
at the Fermi energy meet again in a symmetric 
spot at (4.0), 


probe Fig. 1. Graphene pr 
junction (PN). Monolayer 
of graphite i placed over 
the split gate, which is 
wed to create n> (left) 
and p-doped (right) re- 
gions. The energy dia- 
gram shows the postion 
of the Fermi level with 
respect to the touching 
point of the valence and 
the conduction bands, 


2. Focusing of elec- 
trons by symmetric PN), 
ajc of eros 
trajectories of ‘electrons 
diverging from a source 
at distance a from the 
junction become conver- 
‘gent after refraction. (B) 
Interference-induced pat- 
tem in the charge cur- 
rent near the focal image 
of the source-contact, (C 
and D) “Quantum  mi- 


~ 
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rage” in graphene. LDOS 
oscillations around the 
‘mage of a perturbation 
applied on the other side 
of PN}, created by (C) a 
small island of bilayer 
and (0) potential of a 
remote Coulomb charge. 
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n axymmetric junction (Fig. 3A) for, 62, 
n which corresponds to Pye = 067. 
sharp focus transforms into a pair of caustics 
Uat coalesce ina cusp--a singularity in the 
density of classical trajectories. Similar singu- 
larities in ray and wave optics we 

and classified (/4) with general catastrophe 
theory (5). Ballistic trajectories of electrons in 


the p-egion of an asymmetric PNY ae rays 
‘atand, + an6,, where @, is related w 8, by 
Eq, 1. The condition fora singularity, 2728, 

0, determines the form of caustics yous) 35 
wel as the position Soap of the cusp 

Vals) = 2 BED y= a2) 


To detect focusing by a single Mat interface in 
graphene, one can use a smal electric contact as 
44 source of electrons while another local pro 
located on the p-side plays the mle of a 
detector, Electric conductance between the 
two contacts would reflect the probability for 
4 carrier to get from the souree to the probe, 
‘When the concentration of carriers is low, th 
de Broglie wavelength is big 


visage 
To study elect 
coherent system between contacts of such a 


all size, the above-described classical pict 
should be complemented with the analysis of 
quantum interference pattem of electron de 
Broglie waves. Figures 2B and 3B show the 
resull of fll quantum mechanical calculations of 
the current of electrons emitted at (-a.0) and 
detected! by a point contact near the focal point in 
the symmetric PNJ (Fig. 2B) andl in the vieinity 
‘ofa cusp (Eq, 2) that appears when the sym 
metry py = pe is lifted off (Fig. 3B). The 
calculation was performed by applying the 
Kubo formula to the single-particle Dirac-like 
Hamiltonian (2, 7,8) of electrons in graphene: 
is assumed that the sample is ballistic, 
that both the elastic and inelastic 
of electrons is larger than the typical size of the 
structure, Around, but not to9 close to the fo 
‘cus (kyr>> 1), the analytically calculated current 


isf= Ora [r= y/ (a)? + 9? stands for 
the distance from the probe to the focus}. The 
anisotropy of the current distribution is caused by 
the dependence of the transmission coefficient 
‘on the incidence angle and is smeared at shorter 
distances kyr < 1. The current map calculated 
in the vicinity of the cusp for py # pe shows 
characteristic patterns described by the canon- 
ical diffraction function for this type of wave 
catastrophe (14), The maximum of the current 
would be when the probe is at the tip of the 
cusp, (in\a.0). The width ¥. of the bright spot 
near the cusp (Fig. 3B) or the focus (Fig. 2A) 
in the y direction can be estimated as sky ~ 
max[1,(sake! ~ n))). For a junetion with 
> V (Pa > Ped the pattem near the cusp is 


2 MARCH 2007 VOL315 SCIENCE 


mirror-reflected as compared with that shown in 
Fig. 3B for in) < 1 

It has been discovered (/6) in the scanning 
nicroscopy (STM) studics of ellipti- 
cally shaped corals on the surface of copper that 
the presence of an impurity at one focus of the 
ellipse is reflected by the STM map in the 
of the other focus. Therefore, oscills- 


formed around a static local perturbation (7) 
can be replicated through focusing by a care 
fully engincerad fence of atoms Similarly, fo- 
ng of electrons by 


Fig. 3. Wave singular- 
ities in an asymmetric 
PN, Pile = 0.67. (AY 
Formation of caustics 
by refracted waves. (B) 
Characteristic interfer- 
ence pattern forthe cur= 
rent near the cusp. (C 
‘and D) LDOS ostlations 
(in the region between 
caustic) created by (O) a 
small jland of bilayer 
and (0) 3 remote Cou- 


perturbation on the opposite side of the 1p) 
imerface. Consider, for example, a small island 
of a bilayer (5, 18), which locally distinguishes 
between two sublattices (A and B) of the honey- 
comb lattice for electrons in the surrounding 
sheet [due to Bemal stacking of wo 
monolayers (/9, 20). It induces a 
local electron den 


detected, with STM, as a difference of 8j,-5 

Asinckryr between the tunneling curren 
fom the STM tip tothe A. and B sites, Figure 
2C shows the results (obtained with the Green's 


lomb charge on the oth- 
er side of PN). 


Fig. 4. (A) Electron 
Veselago lens and (B 
and ©) prism-shaped 
focusing beam spite in 
the ballistic n-p-n junc- 
tion in graphene-based 
transistor. 
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functions technique) of a quantume-mechanical 
analysis of oscillations of 8/a-n around the mi- 
rage image of a bilayer island formed on the 
other side of symmetric PNJ in the monolayer 
sheet. To compare Fig. 2D shows the calculated 
mirage image of a spike of electrostatic potential 
(smooth at the scale of the lattice constant in 
‘gniphene), which induces LDOS oscillations 
‘equal on the two sublattices, The difference be- 
tween these two images is caused by the lack of 
backscattering off A-B symmetric scatterers 
specific to graphene (21), 

Unlike the ideal lettchandedmetamaterial 
(10), focusing in the PNJ is not perfect. In sym 
meitie junctions, it occurs only for electrons ex- 
actly at the Femi level, and it is spread into 
rons excited to higher enemy 
the sharpness of electron focusing 
decreases with temperature, If the focused ele 
tion flow is detected by a contact of size d > 
‘apa pronounced signal in the focus will per 
up to T~hy eda. For example, in a bal- 
listic structure with a ~ 1 jim, d~0.1 jim, and 
Pe™ Mp ~3 = 10" em, focusing may persist 
Uup to the nitrogen temperature, The interferenc 
effets shown in Figs, 2 and 3 are washed out at 
a much smaller temperature scale, T~ har 

Focusing of electrons by a sharp pm june 
tion in graphene can be used to tum the mp1 
junction into a Veselago lens for elections. In 
such a device (Fig. 4A), the density of change 
ceartiers in the p-region (with width 9) ean be 
controlled by the top gate, Ifthe densities in the 


ne and p-regions are equal (py = Pe). charge 
carriers injected into graphene from the contact 
§ shown in Fig. 4A would meet again in the 
focus at the distance 2w from the source 
(contact Ds in Fig. 4A). Varying the gate volt- 
age over the p-region changes the ratio 1? = 
Pw/Pe This enables one to transform the focus 
into a cusp displaced by about 2(n ~ L)w along 
the x axis and, thus, to shift the strong coupling 
from the pair of leads SDs to either SD, (for 
Pa < Pe) OC SDs (Hor py > pe) Fig. 4, Band C, 
illustrate another graphene-based device in 
which a prism-shaped top-zate may be used 
as a focusing beam splitter. For example, 
electrons emitted from contact 8 (Fig. 4B) are 
distributed between the contacts 6 and B, 
whereas the signal sent from contact 4 (Fig. 
4C) is replicated into the pair of contacts «and 
«4, Graphene has recently been brought into con- 
tact with a superconducting metal, and the 
eflect through graphene has, 
. Consequently, a beam 
splitter (Fig, 4, B and C) can be used 10 © 
Periment with Einstein-Podolsky-Rosen 
pairs of panicles. 
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Halwaxiids and the Early 
Evolution of the Lophotrochozoans 


‘Simon Conway Morris** and Jean-Bernard Caron”* 


Hatkieriids and wiwaxiids are cosmopolitan sclerite-bearing metazoans from the Lower and 
‘Middle Cambrian. Although they have similar scleritomes, their phylogenetic position is contested. 
‘Anew scleritomous fossil from the Burgess Shale has the prominent anterior shell of the halkieriids 
but also bears wiwaxiid-like sclerites. This new fossil defines the monophyletic halwaxiids and 
indicates that they have a key place in early lophatrochozoan history. 


lurgess Shale-type faunas house numer 
B« taxa that are phylogenetically con 

troversial and open to widely different 
interpretations. One approach is te incorporate 
these taxa into the stem groups of major phyla 
(2), but this often presupposes homologies of 
disparate structures and typically depends on an 
attenuated fossil record. Aerative views: re- 
azard such taxa as either belonging to extant 
phyla (2, 3) oF representing extinct phyla (4), 
These differences have major evolutionary im- 
plications, For example, the assignment of taxa 
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to ccither extant or extinet phyla implies that 
body plans arose by macrocvolutionary mecha- 
nisms. This is consistent with boxy plans having 
a scemingly abrupt appearance and potentially 
With claims of a protracted (albeit eryptic)his- 
tory (5). In contrast, hypotheses based om the 
‘construction of sem groups generally imply mi- 
croevoltionary processes. The comport ta 
‘would be initiated in the latest Neoproterazoic, 
with body plans emerging by functional tran- 
sitions that were connected to feeding. locomo- 
tion, and defense (6, 7). This view is consistent 
with an explosive diversification of metazoans 
(8.9. 

Numerous Cambrian groups have multi 
plated skeletons (or scleritomes) (/0), Typically, 
the scleritomes of these groups occur as dis 


articulated fossils, notably in the small shelly 
assemblages. Burgess Shale-type fiunas, how- 
ever, yield articulated material such as the 
halkierids, which are probably related 10 the 
siphogonuchitids [known only: from disassoei- 
ated selerites (7), and wiwasiids. However, 
the wider relationships of these groups, the 
members of which are similar to armored su 
are uncertain, One hypothesis. interprets. the 
halkicriids. as stem-group lophotrochozoa 
closely linking them to the origin of annelids 
and brachiopods (1/). 

The evolutionary route to the annelids was 
hypothesized to be via the related wiwaxiids 
(72), and the peculiar halkierid arrangement 
of @ prominent anterior and posterior shell 
presaged the bivalved brachiopods (/7). More 
recently, the mictinids and tannuolinids, known 
only as isolated shells, have been intempreted as 
key intermediates (13) between the halkieriids 
and brachiopods. Aliemative hypotheses have 
assigned the halkierids to the crown-group mol- 
lusks (3), questioned the relevance of the 
micrinids and tannuolinids (4), and rejected 
the wiwaxiids as stem-group annelids (/5). One 
substantial contribution to this debate is the 
identification of Odontogriphus and Wiwasia as 
stem-group mollusks (/6), Despite these 
conflicting hypotheses, the Cambrian fossil 
recom, in principle, will be central to unravel- 


wewesciencemag.org SCIENCE VOL 315 2 MARCH 2007 


1255 


1256 


Fig. 1. 0. reburrus from the Middle Cambrian Burgess Shale. (A to D) Dorsal view. (A) Holotype, ROM 
57197; (B) ROM 57837; (C) ROM 57835; (D) ROM $7839. White arrow in (C) indicates a bended spine. 
(E to F) Ventral view. (E) ROM 57836; (F) ROM 57838. Only the doublure of the shell is visible in (E). 
Images were obtained by tight microphotography on uncoated material. Scale bars, 1 mm. Cu, cuitrate; 
Gu, ut; Sc, dorsal sclerites; Sh, shell: Sp, dorso-lateral spines. 


ing many aspects of early lophotrochozoan 
evolution, even though substantial lacunae 
romain, not least those conceming the origins 
of the nementeans and sipuncslans. 

Here we describe a new taxon [scleritomomh 
€ in (7) Orthrozanetus reburrus (18), based 
‘on LT specimens recovered fom the Burgess 
Shale} that sh ycters with both the 
hhalkieriids and wiwaxiids (Figs. 1 10 3). Like 
‘other Burgess Shale fossils (/9), they are ex- 


ceptionally preserved, althou ll size 


imes being dif 
specimens also have abundant di 
pyrite (Figs. 1A and 2, A, D, and E), Including 
their spinose selerites, the specimens are 6 10 
10,3 mm long. The central zone of the dorsal 
body is strongly convex but is flanked by flatter 
margins. The ventral side was evidently soft 
bodied and tapered to a broad termination. The 
scleritome consists of three zones or sets of 
sclerites and at least one shell (Fig. 1). One set 
‘extends around the entire body. At the anterior 
‘end, 1Wo types of selerites project forward: Mast 
are blade-tike and slightly recurved abasially 
(Fig. 2A), but much more elongate spines are 
also interspersed. This anterior array of sclerites 
then extends posteriorly to form a lateral com- 
ponent of symmetrical sclerites (Fig. 1E), 
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Whereas, atthe posterior end, the array comprises 
abaxially recurved sclerites (Fig. 1A), The prom 
nent secon set of sclerites consists of about 16 
to 20 clongate, recurved spines on either side of 
the body, which are inserted abaxial to. the 
lateral sclertes (Fig. 1). Distal to the body, these 
selerites may lic at slightly different levels in the 
disposition suguests 


tha 


their arrangement may not 


boen as a single row. These sclerites taper quite 
strongly but individually appear to have 
expanded base (Fig. 2, F and H). Externally 
they may or two ridges. Pyritiz 
material indicates that they probably had 
ermal cavity (Fig. 2, D 
YY pyritization, thes 
cross section, which may be the original 
uration in life, A few sclerites are kinked, 
which is suggestive of a nonmineralized com- 
position (Fig. IC). The third set of sclerites 
covers the convex central region and, asa result 
of crushing, is the least well preserved (Figs. 1 
and 2, F and G). These small sclerites appear to 
have formed a posteriorly imbricated array. 
In addition to the sclerites, the anterior bears 
a prominent convex shell (Fig. 1). In outline, it 
js roughly triangular, with an anterior umbo, an 
arched posterior margin, and a medial ridge ex- 


panding posteriorly (Fig. 2, B, C, and F), Finely 
sguced growth lines indicate aceretionary growth 
(Fig. 2, C and F). The shell also bears coarser 
ridges (Fig. 2, A to C and Fy; they: may repre= 
scat cither the intemal surface of the shell or 
‘more probably metamerism, traces of which are 
also discemible more posteriorly. In the ventral 
View, the shell is langely obscured by soft tissue 
but the anterior margin is fairly acute and bears 
a prominent doublure (Fig. 1E). A. re 
prominent strand (that begins cl 
gin of the anterior shell and can be traced in- 
dlistinely toward the posterior) may represent 
the gut 

In life, this animal was evidently. benthic 
ig. 3), and itis assumed to have moved on 
rmusculir foot, Feeding habits ane conjectural, 
tur the convex central region of the or 
ave housed a yoluminous saliment 
The seleritome, especially the 
vas presumably protective andior sensory in 
function, The shape of the spines suggests that 
they extended outward and then upwand. Given 
their relative position in the sekeritome, the 
spines are less likely t0 have provided any 
sswowshoc-like support on the surface of floccu- 
Jent sediment. The function of the anterior shell 


is conjectural, but, as hypothesized in the 
halkieriids (J), it could have provided a 
platform for the attachment of muscles associ 
J with a feeding apparatus, Orthrucanelus 
combines features of both wiwaxiids and 
halkierils, The smaller size and partial crushing 
in Orthrozanclus make precise compsrisons 
With the wiwaiid scleritome (20) somewhat 
tentative, but both were evidently unmineral 
ized, and the overall arrangement is. similar 
There are convincing equivalents to both the 
culate (lateral) selerites (including those that 
‘extend around the anterior) and the larger spines 
in Hiwavia. The dorsal sets of spines are equiv- 
alent as well, but, in Orthr 
are smaller and do not seem to have any ob- 


‘anclus, the selerites 


pattem, The most substantial 
ppears to be the absence of siculate 
(ventrolateral) sclerites in Orthracanclus. The 


halkicrid scleritome is a 


The sclerites of halkieriids 
are, however, mineralized. Nevenheless, unlike 
Wiwacia 21), both Orthr 
halkieriids have prominent shells. The 
the halkieviids are best known in articulated ma 
terial in which they consist of a prominent 
anterior and posterior shell, the former being, no- 
tably more convex (17). Although Orthrozanclus 
seems to lack a posterior shel, its anterior shell 
is similar in shape to that of the halkieriids. In 
contrast, the direction of growth, as inferred 
fiom the location of the umbonal region, is re- 
versed, presumably 10 allow the arched posterior 
margin to match the convex. dorsal region, The 
shell of Orthrozanclus is also similar to 
ber of isolated small shelly fossils, notably 
Ocruranus (as well as Eohalobia) trom the 


cultrate selerites, 
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Lower Cambrian of China (J0, 22) th 
also likely to be halkieriid (2. 


taxon was described on the ba 
shell morphs (A and B), which wer 
ested to derive from a halkier 
mal, The shell of morph B is sin 
Orthrozanclus, apart from lacki 
ridge (25). 

The selerites of halkieriids and wiwaxiids 


are similar in terms of mode of construction 
and extemal omamentation (26), and mem 
bers of both ripartite scleritome 
(1), Wiwaxiids, however, have unminer 
alized selerites (/2, 20) and lack shells (21), 
In combining key features of halkieriids and 
wiwaxiids, Orthrozanclus provides evi 
dence for the monophyletic halwaxiids 
(8). The importance of this group to the 
understanding of the early evolution 
lophotrochozoans depends, however, 
number of critical assumptions, especially 
Husks. The dis- 
‘ality in monoplacophorans 


ups have 


conceming the origin of m 
y th 


and polyplacophorans, long thought to be 
amongst the most primitive of mollusks, 
may be highly derived could undermine 
long-held assumptions about the nature of 
the ancestral mollusk (27). Indeed, this 
question may be most r 


ly answered on 
Fig. 2. 0. reburrus from the Middle Cambrian Burgess Shale. (A) Close-up view of the anterior 


cultrates. (B and ©) Close-up views of the shell. (D) Pyritized spines. (E) Close-up view of (D) showing 
‘octahedra. (F) Entire individual. A composite of three images is shown. (G) Detail of the dorsal scleries, 
White arrows in (F) and (G) point to dorsal scterites. (H) Close-up view of the posterior spines from (F). 
In (A), (B), and [(D) to (H)], images were obtained by environmental scanning electron microscopy on 
tuncoated material. In (C), image was obtained by light microphotography; specimen was coated with 
ammonium chloride. Scale bars, 0.5 mm except (E), 0.05 mm. Gl, growth lines; Mr, medial ridge; Py, 
pyrite; Ri, ridge; Um, umbo. 


the basis of fossil material, In this context 
the best candidate appears to be the 
Kimberella-Odomogriphus clade (16), but, 
although the dorsal zone presumably had 
the potential to biomineralize, it remains 
difficult to establish convincing homok 
between any molluskan shell or spicule ar 
and the halwaxiid shell or selerite field, re. 
spectively, It is also clear that shoehoming 
the halkieriids into the crown-group mol 
lusks (3) fails on account of inappropriate 
comparisons of selerite structure and uncon- 
vincing homologies with younger multiple 
cophorans (28%. 


Further discussion of the phylogenetic 


position of the halwaxiids, and hence th 


role in early mollusk evolution, depends en 
cially on the assumed polarity of the three 
component tasa (Fig. 4). Taking Odontoxriphus 
as a stem-group mollusk Would suggest that 
the acquisition of a shell in Orthrozanelus 
and the biomi 
halkieriids were later events. This scheme, 
however, makes it difficult to accommodate 
the stratigraphically older siphogonuchitids, 
which have a simpler seleritome (/0, 29) 
and a shell composed of fused sclerites 
(23). An alternative phylogeny is to take 
Kimberella and Odontogriphus as sten-group 
lophotrochozoans, with the halwasiids form 
ing a distinct clade with a polarity opposite to 
the first scheme. Accordingly, we hypothe 
size that mollusks had already diverged Fig. 3. Reconstruction of O. reburrus by M. Collins. The precise arrangement of the anteriormost 
before the evolution of the halwasiids. This region remains somewhat conjectural 


alization of selerites in 
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Mottusks 
‘como Halwaxiids = Hypothesis?’ 


Fig. 4. An outline of lophotrochozoan phylogeny showing the two most plausible positions of the 
halwaxiid 0. reburrus, depending on the assumed polarity of sclerite acquisition and bio- 
mineralization in the associated taxa Kimberella (Kim.), halkieriids (Hal), Odontogriphus (Odo.), 
siphogonuchitids (Sip.), and WMivaxia (Wiw.). Dashed lines indicate alternative interpretations of 
the phylogeny (see the SOM). The first hypothesis (hypothesis 1) accepts Odontogriphus (and 
probably Kimberella) as stem-group mollusks (26), with the halwaxiids as a sister group of 
mollusks, In this latter clade, chitinous sclerites are first acquired (in Wiivaxia), followed by their 
biomineratization in the siphogonuchitids. Members of this latter group, however, are 
stratigraphically older and appear to have a simpler scleritome (10). Halkieriids would then 
eacquire a more complex scleritome [similar to that of Wiwaxia (22)] and shells. In the sister 
‘group represented by Orthrozanclus, the sclerites demineralize, and the posterior shell is probably 
lost (or highly reduced), The second hypothesis (hypothesis 2) treats the halwaxiids as 
monophyletic, with the further implication that Odontogriphus (and probably Kimberella) are 
stem-group lophotrochozoans. In hypothesis 2, the earliest halwaxiids are the siphogonuchitids 
with a mineralized scleritome of two types of sclerite (10) and with a shell composed of fused 
sclerites (23). Shells are then acquired, along with a third type of sclerite, in the halkieriids. 
Demineralization of sclerites occurs in Orthrozanclus, and (finally) complete shell loss occurs in 
Wiwaxia, A cladistic analysis gives some support for hypothests 1, but the best tree is not robust 


(see the SOM), 


scheme is more congruent with respect to the 
siphogonuchitids. It also suggests that bio- 
mineralization was achieved independently in 
the earliest motlusks and halwaxiids, with 
the latter group later demineralizing its 
selerites and subsequently losing the shells. 
lic analysis (with the use of Phylo- 
xenctic Analysis Using Parsimony software) 
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Rethinking Organic Aerosols: Ge i Se C2 to psn ik 9 
ormore C atoms (/3-/5). The amount of POA: 


Semivolatile Emissions and depends cas pepe perodiang of is 


complex mixture (/6, 17). However, emission 
P h otoc h em ica ] Agi n g inventories and models treat POA as nonvolatile, 
implicitly assuming that standard emissions tests 
represent the full range of atmospheric condi- 
Allen L. Robinson,** Neil M. Donahue,** Manish K. Shrivastava,* Emily A. Weitkamp,” tions, This is wrong (/7), To illustrate the semi- 
‘Amy M. Sage,” Andrew P. Grieshop,’ Timothy E. Lane,” Jeffrey R. Pierce,? Spyros N. Pandis™*  \olutile character of POA, Fig, 1 presents a 
compilation of diesel exhaust data measured at 
‘Most primary organic-particulate emissions are semivolatile; thus, they partially evaporate with different kevels of dilution, extending fom con- 
atmospheric dilution, creating substantial amounts of low-volatility gas-phase material. Laboratory ventions! emissions sampling to typical atmo- 
‘experiments show that photo-oxidation of diesel emissions rapidly generates organic aerosol, ——_syhcric conditions. The POA eanission factor (EF) 
‘greatly exceeding the contribution from known secondary organic-aerosol precursors. We attribute decreases with increasing dilution because of the 


this unexplained secondary organic-aerosol production to the oxidation of low-volatility gas-phase evaporation of semivolatile organic compounds 
species. Accounting for partitioning and photochemical processing of primary emissions creates (VOCs) (17). This evaporation causes POA con 
‘2 more regionally distributed aerosol and brings model predictions into better agreement with centrations to dcerease considerably’ mote than 
‘observations, Controlling organic particulate-matter concentrations will require substantial does dispersion alone. Furthermore, the data fol- 
changes in the approaches that are currently used to measure and regulate emissions. Jow wellestablished partitioning theory (/7, 18), 


indicating that POA levels also vary with tem- 
A ithome particles pose serious health risks upon dilution 10 ambient conditions and then perature. This dynamic picture complicates the 


md have a controlling influence on showing that photo-oxidation of those vapors in a definition of POA andl underscores the need for 
Onganic aerosol (OA) is smog chamber produces SOA far exceeding that our first amendment to the cument OA concep 


A major compen cle mass through- from traditional precursors. Finally, we imple- tual framework: explicit treatment of gas-paniche 
‘out the atmosphere (/), OA comprises primary ment these amendments in a chemical transport partitioning of primary emissions. 

‘organic aerosol (POA, paticke mass directly emit- model 10 illustrate their implications for our Partitioning depends on the volatility. dis 
ted fiom sources such ay motor vehicks and — understanding of OA in the atmosphere tribution of the emissions, Figure 1B shows the 


{owes fies) and secondary organic acrosol (SOA, 
particle mass formed in the atmosphere trom the 
oxidation of gas-phase precunsons) (J). The 
relative contribution of POA and SOA to the 
‘overall OA budget remains controversial, Re- 
search using individual oqganic compounds to es d 
timate POA (2, 3), onganic-to-clemental C ratios cued auecanne 
(0 estimate SOA (4, 5), and atmospheric chem- PAY ospeert 
istry ml (6,7) indicates tht PO dominates Site “ebutned.at higher 
the urban OA buxdget. However, recent field mca feyels of luton. The data 
‘surements indicate SOA dominance. even in hea are plotted as a function of 
ily urbanized areas, that cannot be expliined bry QA goncentration (Coy), fol 
the ovidation of known SOA precursors (8-10). owing the principles. of 
The discrepancies between measured partitioning theory (27, 18). 
OA concentrations and. predictions of atmo- The values are normalized by 
shemistry models underscore the sub- the tradional POA EF, mea- 
ainty regarding the sources of OA sured by means of a quartz ; 5 = 
(6, H, 12) fiter at tow levels of dilution. 10° 10) 10 10’ 

Combining labo field, and modeling The results show substantial C., (ug m) 
results, We propose two major amendments to evaporation of POA with 1.0 —+s—svoc_—++-—1woe—»-) 
the curent OA conceptual framework: () account. Teasing Coy and that only TB. Voiatiity Distribution 
ing for yas-particle partitioning of POA and (ii) 2 Quarter of the traditionally 0.8 MMF of Data (x bars = 1) 
cexplicily representing gas-phase oxidation of all defined POA exits in the 
Jow-volatlity vapors in current SOA-production Pattcle phase at atmospher- 
mechanisms, This replaces the curentstaicrep- AlN Feleene Fon, The ave 
revit of FOA emis Wiha far mre O82 bse on ay 
dynamic picture in which fow-volatlity material fs Porgboning 0), along 
evaporates, owidizes, and recondenses overtime. — terval (Cy, The red bat 
This paper presents experimental sul iP —(B) are the volatility dstrbu- 
Porting this revised framework, fst showing thit jon qetermined By this fie GaN SADT AG aa SE 
Primary emissions indeed evaporite substantially (79) ‘ploted in terms of eon’ 

x tw Nmmphols Pond Sulics Commas meton (etated to effective satura- 
(Gate fo Rosai Paid studs. Cmeie Mell ton vapor pressure. These bars reveal the volatity istibuton of traditionally defined nonvolatile POA 
Ghemial Engineering, University of Patas, Poa 26500, emissions and therefore sum to one C: bars = 1)(29). The hatched bars show an assumed voatty distribution 
Greece. ‘of adkitional IVOC emissions estimated from other data (13-15, 19) that indicate that 1VOCs contibute one to 
“To whom covrespondence shoud be addressed. Ema: three times the POA emissions (here, we assume 15 times) (19) Secondary axes show un-normalzed fuel 
alr@andrencmseds ALR, nmd@andkewarsseds (NALD) based EFs and levels of dilution for our experiments. 


Fi 


sel POA measured at 300 K. 
The circles in (A) indicate 


Normalized Organic Aerosol 
Emission Factor 


Normalized Emission Factor 
Emission Factor (g ko-ue!") 
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volatility distibution for diesel exhaust at 300 K. 
It is presented in terms of lumped species that 
span a. volatility basis set of effective saturation 
‘concentrations (C*), allowing a physically mean- 
ingfil treatment of partitioning for all onzanics 
(U8). Conceptually, a volatility distribution can 
be constructed! fiom speciated emissions data by 
Jumping species with similar sturation vapor pres- 
sures. However, this is not possible because less 
than 10% of the condensed and semivolatile 
mass has been speciated (13-15). We deter- 
mined the distribution in Fig. 1B by 
thermal dilution data with absorptive partitioning 
theory (/9), as done in wellestablished analyses 
of SOA data 20), 

‘The distribution shown in Fig. 1B comprises 
nies less volatile than ap- 
proximately a Cyz matkane, covering the range 
‘of material that can change phase between the 
nperature conditions at the end) of the 


1 
“Tee trom UV on (hrs) 


atmosphere. Based on partitioning at typical at 
mospheric conditions, this distribution includes 
“nonvolatile” (C* <0.1 ye m7), “semivolail 
(SVOC; 0.1 pg mi? < C* < 1000 wg m7), and 
imtermediatc-volatlity” VOC: 1000 ug a> 
(C*< 100,000 yz my) organic compounds. Even 
more volatile species dominate the overall emis- 
sons of reduced onsanic C (/3-15% however, 
these speciss arc largely accounted for in models, 
cithcras par of azone chemistry mechanisms oF 
as traditional SOA precursors. 

The red bars in Fig. 1B show the volatility 
istribution ofthe taitionally definad POA erie 
sions that are curently treated as nonvolatile in 
models and inventors. The majority of the 
emissions have a C* > 100 yg mv and there- 
fore exist langely in the was phase a typical atmo 
spheric conditions, Some of the emissions are 
misclasified as POA because cilution-sumpler 
measurements are typically conducted at une 
realistically high concentrations, which biases 


Residual OA 


2 0 0 © oO 7 
me 


Fig. 2. Results from the photochemical oxidation of diesel exhaust in an environmental chamber. (A) 
The wall-toss-corrected aerosol mass, measured with a scanning mobility particle sizer, assuming a 
density of 1 g cm”. The walt-loss correction is based on measured loss of the partie number, 
accounting for the effects of coagulation, and it assumes that semivolatile vapors are in equilibrium 
with both the suspended aerosol and the material deposited on the wall during the experiment (19). 
The gray area indicates the primary aerosol (POA + other species). The red area shows the upper-bound 
estimate of the contribution of known SOA precursors to the suspended aerosol mass (19). We attribute 


the blue area to SOA formed from SVOC and/or IVOC oxidation. AMS results are shown 
The AMS OA spectrum can be described by two components: 


(B) to ©). 
3 initial diesel spectrum (diesel OA) and 


an oxidized residual spectrum (residual OA). The relative contribution of these two components to the 
‘overall OA spectrum is shown in (B). The spectra of these two components are compared to reference 
‘spectra obtained from factor analysis of ambient AMS data in (C) and (0). The spectrum of the diesel OA 
‘component is quite similar to the hydrocarbonlike OA (HOA) factor (8, 9). By the end of the experiment, 
the spectrum of the oxidized residual OA component is quite similar to that of the OOA factor (8, 9). The 


solid lie 


(B) indicates the fractional contribution of POA to the suspended OA, based on the initial 


particle mass and the walloss rate and analogous to the results shown in (A), The excellent agreement 
between this line and the relative contribution of the two AMS components indicates that these two 
independent approaches yield the same estimate of SOA. miz, massicharge ratio. 


gs-particle panitioning relative to much more 
dilute atmospheric conditions (17, 2/). 

‘Mos of the emissions shown in Fig. 1B are 
vapors in the atmosphere, but given their low 
Volatility, they may be important SOA. precur 
sors, The first several generations of oxidation 
typically produce compounds with lowered va- 
por pressures (/9, 22), Low-volatility vapors 
should also produce SOA much more ef 
than the traditional high-volatility SOA precur- 
sors (such as monoterpenes and light aromatics) 
that are thought to dominate ambient SOA pro- 
duction (6, 7, 23). Figure 1B indicates that the 
gregate cmissions of low-volatlity vapors are 
substantial compared with the POA emissions. 
However, these vapors are largely. uncharacter- 
ized, instead appearing as an unresolved complex 
mixture of presumably branched aliphatic and 
eyelic hydrocarbons (3, 14), 

‘To investigate this hypothesis, diluted diescl 
exhaust was exposed 10 ultraviolet (UV) light 
inside our environmental chamber at initia aero 
sol loadings near typical ambient conditions (19), 
The evolution of both the gas and the particle 
‘hase was monitored, Typical results are shown 
in Fig. 2. UV illumination initiated photochem- 
istry, which caused an intial burst of SOA forma- 
tion, followed by steady production through the 
remainder of the experiment, Atler 3 hou 
ing, SOA has almost doubled the init 
sol mass. Approximately’ half of 
benzene was oxidized over the course of the 
experiment, indicating roughly one generation 
of processing and ~2 * 10° molecules cm? of 
OH, which is typical of a summer day (24), 

‘We examined the potential contribution of 
traditional-SOA precursors empirically by 
spiking the chamber with additonal aromatics. 
Adding enough toluene to roughly double the 
potential SOA production fiom the measured 
‘aromatics caused only a slight inflection in the 
aerosol-mass time series, Oxidation of tadition- 
al precursors can thus explain only a small frac= 
tion of the SOA formed in the chamber 

We als calculated the traditional SOA pro- 
duction using measured precursor consumption 
and published SOA yield curves (/9), Our mosel 
accounts for SX SOA precursors. but ~ 0% of 
the calculated SOA production is from the men- 
sured decay of light aromatics, such as toluene. 
Initial concentrations of these species were at 
most a few pats per billion by volume. The 
calculation is complicated by losses of particles 
and vapor to the wall ofthe environmental cham 
ber (/9), Our maximum estimate of the contribu 
tion of SOA from the oxidation of known 
precursors is shown in Fig, 2A. It indicates that 
traditional SOA contributes at most 15% of the 
new acrosol, we hypothesize that the majority of 
the substantial unexplained SOA. production is 
due to the oxidation of low-volatility 
species—our second amendment 10 the 
OA conceptual framework. 

SVOC and IVOC vapors constitute a poten- 
tially large source of SOA, Their mass emission 
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rate is several times that of condensed-phase com- 
pounds (Fig, 1B) (9 therefore, SOA produced 
from the oxidation of these vapors will probably 
exceed the POA emissions. These vapors also 
oxidize on atmospherically relevant time scales, 
Large saturated organics have OH rate constants 
on the order of 3 = 10" em? per molecule s* 
(25) and therefore will undergo one generation of 
‘oxidation every 4 hours at typical summertime 


Fig. 3. Maps of pre- 
dicted ground-level OA 
concentrations for four 
PMCAMX simulations: (A) 
‘traditional modet with 
nonvolatile POA emissions 
‘and (B to D) three simu- 
lations that. account for 
the partitioning of primary 
emissions—one assuming 
nonreactive emissions and 
two considering photo- 
chemical aging. In (B), 
the red bars in Fig. 18 
are used to represent the 
‘volatility distribution of al 
POA er 


OW levels. Winter OH levels are three 10 five 
times lower (26), resulting in slower but sill 
Significant processing over muliday time scales 
associated with regional transport. Finally, the 
total non-CHy hydrocarbon burden in urban 
environments can exceed 1000 jz mr? ( 
pared to typical OA concentrations 0 


jons, and the emissions are allowed to partition but not react; ths results in substantial evaporation 


‘of the POA (19) In () and (D), gas-phase primary emissions are also aged by OH (19). (O shows the same 
‘emissions scenario as (B), whereas (D) includes additional VOC emissions by applying the entire volatility 
distribution shown in Fig. 1B tothe existing POA emissions (19). The explicit representation of photochemical 
aging of IVOC and SVOC vapors used in (C) and (D) substantially increases the amount of anthropogenic SOA. 
Inthe traditional model, the oxidation of low-volatity vapors contributes only 25% of anthropogenic SOA, as 
‘compared to 85% in the revised model shown in (D). The balance of the anthropogenic SOA is from the 
‘oxidation of aromatics, which contributes essentially the same amount of SOA on an absolute basis in all 
simulations. The maps present averages over an 8-day period in July 2001 and show only a subset of the 


modeling domain (19). 


[A Fraction SOA Traditional _] [5 Fraction SOA Revised | ri 


‘C Revised / Traditional OA Ratio 


Fig. 4. Predicted changes in the PONSOA split and total OA between the current framework and the 
revised model (results shown in Fig. 3, A and D). (A) and (B) show the ratio of SOA to total OA for the 
two cases, respectively. (C) shows the ratio of the OA predictions for the two cases. (D) compares 
average measured urban-to-regional OA ratios to model predictions for four large cities. The 
measured ratios (yellow bars) are based on data {rom the U.S. EPA Speciation Trends Network. The 
regional concentrations are estimated with the use of a site located upwind of the city. The predicted 
ratios are based on the average OA concentrations for the grid cells in which the monitoring stations 
are located. For all cities, the base-case model significantly overpredicts the urban-to-regional ratio, 
‘whereas the revised model shows much better agreement. Balt, Baltimore, Maryland; NYC, New York 


City, New York; Pgh, Pittsburgh, Peninsylvani 


Phil Philadelphia, Pennsylvania. 
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and IVOC vapors could be an important source of 


ambient OA. 

‘The particle composition during our cham- 
ber experiments was charscterized with an 
‘Acrodyne acrosol mass spectrometer (AMS), 
The measured OA mass spectra can be de- 
scribed as a combination of two components 
(19): (i) diesel OA, whose spectrum is the same 
as that of the fresh primary emissions (Fig, 2D), 
and (ii) an oxidized residual that becomes 
sper 
By the end of the experiment, the 


‘ment 
oxidized residual is quite similar t0 the oxy- 


genated OA (OOA) factor that often domina 
ambient OA levels in Pittsburgh, Pennsylvania 
and elsewhere (8, 9, This oxidized residual 
does not look like the mass spectra of SOA. 
formed from aromatics (28), confining that 


traditional precursors are a minor source of 


'SOA jin these experiments, Figure 2B shows that 
the relative contribution of these two mass 
spectrum components evolves over time, This 
evolution matches the independent estimate of 


the primary-see split, based on the 
measured wall loss, Therefore, the rhative 
contribution of the oxidized 1 


provides a good estimate 
the conclusion drawn from 
that SOA dominates the 


FSOA, suppo 
nbient AMS dat 
mbient OA burden 


¢ implications of our two 
‘major amendments, we used a three-dimensional 
chemical transport model, PMCAMS, to sintu- 
late pollutant concentrations across the eastem 
half of the United States (/9), The model was 
modified to account forthe volatility distribution 
and gas-partile panitioning of POA and to more 
explicitly represent SOA production fiom the ox 
dation of [VOC andor SVOC vapors by means 
fof a framework that is consistent with our ex- 
perimental data (/9), 

Figure 3 presents maps of ground-level OA 
concentrations from four simulations. The tradi- 
tional model with nonvolatile POA (Fig. 3A) 
predicts high POA concentrations (3 ju m) 
in heavily urbanized areas and substantial urban- 
to-regional concentration gradients, Allowing the 
primary emissions to partition but not react 
(Fig, 3B) dramatically reduces the POA levels 
throughout the modeling domain, indicating that 
the majority of the traditional POA emissions 
are actually evaporated at ambient OA levels 
(Fig. 1A), Photochemical aying of the SVOC 
and TVOC vapors creates a considerable amount 
of regional SOA (Fig. 3, C and D), Ione ac- 
counts only for partitioning and aging of the 
existing POA emissions (Fiz. 3C), the predicted 
OA levels are lower than the traditional model 
evaporation of tradi 
concentrations, The 
mulation (Fig. 3D) adds 


‘most comprehensive 
‘aiditional IVOC emissions to the model. This 
‘eae large amounts of regional SOA. The net 
resull is that regional (but not urban) OA levels 
excead the trditional model 
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The effects of our amendments on both the 
POA'SOA split and the total OA burden are 
shown in Fig, 4, The traditional model predicts 
‘substantial contributions from POA, whereas the 
revised model predicts that ambient OA is dom- 
inated by SOA during the summer, Such a shift 
is consistent with recent field measurements 
indicating dominant contributions from SOA 
(8-10) while remaining consistent with POA 
«estimates based on low-volutility tracers. In terms 
fof the overall OA budget, the revised model 
decreases predicted OA. in whan areas by as 
much as SO and inereases it in many rural areas 
by 15to 30% (Fig. 4C), reducing the large urban- 
to-regional gradients predicted by the traditional 
model and resulting in considerably better 
agroement with measured urban-to-regional OA 
ratios (Fig. 4D). 

‘This Work has several implications for our 
understanding of OA, The ssmivolatile character 
‘of primary emissions requines that instead of mea- 
suring fixed POA EPs, we must measure the 
Volatility distribution of the emissions. Models 
and inventories must account for these distibue 
tions and their evolution with photochemical 
age, Regul may 
alo need to be revised to control SVOC and 
IVOC emissions because of their importance as 
SOA precursors, The results also imply that, 
except for people living close to sources, the 
majority of the population (even in urban areas) 
is exposed mosily to SOA, Uhimately, a rela 


tively local urban emissions problem is trans- 
formed into a regional source of oxidized and 
presumably hydrophilic OA. The health con- 
sequences and climate effects of this oxidized 
material are almost certainly dramatically differ- 
cent from those of primary emissions. 
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Anti-Hebbian Long-Term Potentiation 
in the Hippocampal Feedback 


Inhibitory Circuit 


Karri P, Lamsa,? Joost H. Heeroma,” Peter Somogyi,” Dmitri A. Rusakov,* Dimitri M. Kullmann™* 


Long-term potentiation (LTP), which approximates Hebb’s postulate of associative learning, typically 
requires depotarization-dependent glutamate receptors of the NMDA (N-methyl-D-aspartate) subtype. 
However, in some neurons, LTP depends instead on calcium-permeable AMPA-type receptors. This is 
paradoxical because intracellular polyamines block such receptors during depolarization, We report that 


LTP at synapses on hippocampal intemeurons mediating feedback inhibition is “anti-Hebbian: 
induced by presynaptic activity but prevented by postsynaptic depolarization. Anti-Hebbian LTP may 


is 


‘occur in interneurons that are silent during periods of intense pyramidal cell firing, such as sharp 
‘waves, and lead to their altered activation during theta activity. 


ssocintive N-methyD-aspartate reeeptor 
Aste dependent LTP is induced 

by coincident activity in afferent path= 
\ways suflicient to depolarize postsynaptic neu- 
rons (2). However, the voltage dependence of 
permeable «-amino-3-hydroxy-S-methyl+ 
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isoxazolepropionie acid receptors (CP-AMPARS) 
is opposite o that of NMDARs (2. 3), Because 
°P-AMPARS are blocked by cytoplasmic poly- 
amines upon depolarization (4, 5), maximal Ca™ 
influx occurs when the membrane potential is rel 
tively negative. LTP dependent on CP-AMPARS 
occurs in intemeurons of the spinal cord and 
amygdala (6, 7) but its postsynaptic voltage 
dependence has not bos explored. In hippocampal 
intemeurons, CP-AMPARS have been implicated 
in longterm depression (8-10), and consteibute to 
synaptic Ca*” transients, especially in the stratum 


oviensialveus (1), Many interneurons inthe 
‘ociensalveus also show NMDAR-independent 
LTP (/2). We therefore looked for associative 
LTP in these cells, while recording with the 
gramicidin perforated patch technique to preserve 
intracellular polyamines (13), 

Stimutation of pyramidal cell axon collaterals 
in the alveus evoked monosynaptic excitatory 
postsynaptic potentials (EPSPs) subthreshold 
for evoking action potentials, After reconling a 
baseline, we paired high-frequency burst (HFB) 
stimulation (five pulses at 100 Hz, repeated 20 
times) with stimulation of a second, supra- 
threshold, alveus pathway. “In-phase” associa 
tive pairing (phase difference Ab = 0°) failed to 
elicit associative LTP in cither pathway (n= 7: 
1, Aand B), Ina further set of experiments, 
‘we altemately stimulated two weak pathways, 
and. then delivered HFBs to both pathy 
antiphase (A = 180°). This evoked a persistent 
increase in EPSP initial slope in one or both 
pathways in all cells (n= 7; Fig. 1, C and D), 
LTP was elicited even when HEB stimuli were 
delivered to only one weak pathway (it = 7; 
Fig. 1, E and F), Thus. LTP at excitatory 
synapses on intemeurons in the oriensalveus i, 
prevented by associative pairing, in direct 
contrast to NMDAR-dependent LTP (/). 

Can dircet manipulation of the postsynaptic 
membrane potential similarly gate LTP induc- 
tion? We delivered HEBs to one pathway 
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coinciding with the trough (somatic voltage: 
90 mV) ofan imposed 4-11z sinusoidal somatic 
membrane potential oscillation. HFBs were then 
delivered to the other pathway coinciding with 
the depolarizing phase. In 8 out of 11 cells, 
pairing with hyperpolarization, but niot with 
depolarization, resulted in LTP (Fig. 2. A and 
B). One cell showed the opposite behavior, and 
the other two showed no effect of either pairing 
(fig. S1). Single alveus stimuli in phase with 
maximum hyperpolarization (100 times) also 
induced LTP (n = 10; Fig. 2C), but pairing with 
depolarization was inefiective (Fig. 2D) Thus, 
even low-frequency stimulation can trigger LTP 
if intemeurons are hyperpolarized. 

Because the induction requirements for 
LIP in most interneurons in the orienvalveus 
are diametrically opposite to Hebb's postulate 
(U4, 15), we reler to it as “anticHebbian.” We 
tested the same LTP induction protocols in 
interneurons in the stratum radiatum. Hebbian 
LTP could be elicited in about half ofthese cells, 
many of which mediate feedforward inhibition 
(1/6), whereas pairing either HEB or low- 
frequency stimuli with hyperpolarization was 
uniformly unsuccessful (figs. $1 and S2), Anti- 
Hebbian LTP is thus charieteristic of excitatory 
synapses made by local pyramidal cells on 
intemeurons in the oricnvalveus but not of 


Fig. 1. Associative pairing precludes LTP in interneurons in the stratum 
oriens/alveus, (A) Left: Schematic illustrating in-phase high-frequency burst 
(HFB) stimulation of weak and strong alveus pathways (filled and open 
symbols, respectively). Sample traces (1 to 5) show action potentials evoked 
by pairing in one cel. Right: Baseline-normalized EPSP initial slopes (mean + 
SEN). (B) Top: Averaged EPSPs recorded before (blue) and after (red) paiting 
in one cell, showing the interval used to measure the initial slope. Bottom: 
Baseline-normalized EPSP inital slopes (25 min after paiing) in the two 
pathways, plotted against one another. (C) Antiphase pairing of two weak 
pathways induced LIP in seven out of seven cells. Sample traces (left) are 
from one cel. (D) EPSPS before and after pairing and summary of results, 
plotted as in (B). (E) Burst stimulation of one pathway also induced LTP. 
AMP/Vkainate receptors were blocked at the end of the experiment (NBQX), 
to verily that EPSP intial slopes were not contaminated by monosynaptic 
inhibition, (F) Effect of HFB stimulation of one pathway (weak 1), plotted as 
for (B) and (0). Traces (top) also show the effect of NBQX. Data in (O (right) 


Schafiee collateral synapses on interneurons in 
the stratum radiatum, 

Can differences in synaptic glutamate receptors 
‘explain whether Hebbian, anti-Hebbian, orno LTP 
isclicited? When intemeurons in the orienvalveus 
were recone in whole-cell voltage elamp [with 
yyaminobutyric acid (GABA) receptors blocked, 
and with spermine included in the pipette 
solution], synaptic AMPARs activated by alveus 
stimulation were goncally strongly vectfving (Fig. 
28), consistent with expression of CP-AMPARS 
(JD, Funtbermore, only small NMDAR-mediatad 
synaptic currents were detected at a positive 
holding potential, consistent with low synaptic 
expression of the NR subunit (17). 

We tested interncurons in the oricnsalveus, 
recorded in perforated patch mode, with a further 
antilebbian protocol High-fiequency stimu 
lation of one alveus pathway (100 Hz, 100 
pulses, delivered twice) paired with hyper= 
polarization, with NMDARs blocked, elicited 
LTP in 25 out of 31 cells (Figs. 3A and 4C). We 
repatehed 11 of these cells in whole-cell 
vokage-clamp mode and found pronounced syt- 
aptic AMPAR rectification in every cell where 
anti-Hebbian LTP was evoked, The rectifi 
tion index did not differ detectably between 
control and potentiated pathways (Fig. 3B), 


‘and (€) (right) are shown as the mean + SEM. Vm, membrane potential. 
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in the permeability of synaptic AMPARS to 
Ca" (18). 

In contrast, repatched intemeurons in the 
ssratum radiatum generally showed nonretfyng 
AMPARs an a large NMDAR-mediated com 
ponent of Schafler collatral-evoked synaptic cur- 
rents (fg. $2) (9), The ani Hebbian LTP induction 
ratccol was successfln only 2 out of 20 cls in 
the stratum radiatum. AMPARs at Schaffer coll 
«zal synapses on 11 cells (none of which showed! 
antiflebbian LTP) were nonrectifying (lg. $3) 

‘Antellcbbian LTP thus typically oceus at 
synapses on interneurons in the oriensialveus 
quipped with rectifying CP-AMPARS. Are these 
uniform subgroup? Seven intemeurons were 
regularspiking oriens-lacunosum molec 
(O-LM) cells SA), whieh me 
feedback inhibition of the apical dendrites of 
Pyramidal neurons (/9), Twelve other interneu- 
rons had horizontal dendrites and electrophysio- 
logical properties typical of O-LM cells, but 
axon visualization was incomplete (fig. SS), Ant- 
Hebbian LTP, however, also occurred in 17 out 
of 24 fastspiking intemeurons in the strata 
criens or pyramidale, including one anatomi- 
cally confirmed axo-axonic and two basket cell, 
‘which are innervated by CAI pyramidal cell and 
target their perisomatic area, Seven other cells 
could not be casitied, 
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Anti-Hebbian LTP is, however, rare at 
Schater collateral synapses on intemeurons in 
the stratum radistum, which generally. mediate 
{feedforward inhibition and express nonrectitying 
receptors (Fig. 3, D and E). Synaptic responses 
‘evoked by stratum radiatum stimulation in fist- 
spiking intemeurons in the stratum pyramidale, 
however, had strongly rectifying AMPARs and 3 
small NMDA component, and the Hebbian LTP 
induction protocol was uniformly unsuccessful 
(n= 4: fig, SO), 

Doss rectification of CP-AMPARS fully ex- 
plain the anti febbian nature of LTP in intemeu- 
rons in the orienvalveus? We first verified that 
AMP)Vkainate receptors are necessary For induc- 
tion, by pairing HES. with postsynaptic hyper- 
polarization while AMPA kainate receptors were 
blocked with 2,3-dihydroxy-6-nitw-7-sulfamoyl- 
benzo tIquinoaline (NBOX, 5M): After wash- 
‘out of the antagonist, EPSPS in the tetanized and 
control pathways recovered to the sime extent 
(v= 7; Fig. 3F). We then explored systematically 
the voltage deperutence of LTP. In five cell i 
the oriensalveus where anti-Hlebbian LTP was 
evoked in one alveus pathway, subsequent 
pairing of the other pathway with depolarization 
‘only evoked short-lived post-etanic potentiation 


Fig. 2. Postsynaptic membrane potential gates 
antiHlebbian LTP induction, (A) LTP was evoked by 
pairing presynaptic stimulation with the hyper- 
Polarizing but not the depolarizing phase of an 
imposed sinusoidal membrane potential oscila- 
tion, Left: Schematic and sample membrane 
potential traces during pairing in one cell (tive 
‘sweeps superimposed for each pairing protocol. 
Right: Basetine-normalized EPSP initial slopes in 
‘eight cells showing LTP after anti-Hebbian pairing 
‘of HEB stimulation of one pathway with hyper- 
polarization. Subsequent Hebbian pairing of the 
‘other pathway with depolarization was ineffective. 
AMPAVkainate receptors were blocked at the end of 
the experiment (NBQX). Data are shown as the 
mean + SEM. (B) Averaged EPSPS in one cell taken 
at the times indicated and after NBQX addition, 
Top: Anti-Hebbian pairing. Bottom: Hebbian 
pairing. (C) LIP was induced by pairing single 
stimuli at 5 He with hyperpolarzation. Left: Sample 
traces during pairing. Right: Averages of al cells 
tested. Data are shown as the mean + SEM. (D) 
Pairing with depolarization failed to induce LTP. 
Left: Sample traces during pairing. Right: Averages 
‘ofall cells tested. Data are shown as the mean = 
‘SEM. (E) Repatched interneurons recorded in 
‘whole-cell voltage-clamp mode show rectifying 
AMPARS and a negligible NMDAR-mediated 
‘component (GABA receptors blocked). Traces: 
‘Averaged EPSCs at +60 and -60 mY, showing 
the times at which the two components were 
‘measured. Bottom: current-voltage (-V) relation of 
‘AMPAR-mediated EPSCs in six repatched inter- 
neurons (left). HV relation for the NMDAR- 
iated component, normalized by the AMPA 
EPSC at ~60 mV (right 
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(Fig. 4A), In six other cells, pairing the second 
pathway with hyperpolanization elicited robust 
LTP in all cases (Fig. 4, B and C). We then 
adapted this experimental design to explore the 
effect of manipulating the rectification properties 
of CP-AMPARs. Having demonstrated anti- 
Hebbian LTP in one pathway, we repatched the 
intemeuron in whole-cell mode either with or 
without spermine in the pipette solution. Follow- 
nga short baseline recording (£7 min fiom patch 
rupture), we then paired HFS of the second path- 
way cither with depolarization (+20 mV) or with 
hyperpolarization (-90 mV). When spermine 
\was omitted, pairing with depolarization evoked 
LTP in five out of five cells (Fig. 4D), consistent 
with Ca™ influx via CP-AMPARs rendered non- 
rectifying by removal of polyamines (4). In 
contrast, HFS paired with depolarization failed 
to cicit LTP in five cells that were repatched with 
2 spermine-containing pipette (Fig. 4E). In five 
‘other intemieurons repatched with a spermine- 
containing solution, pairing HFS of the second 
pathway with hyperpolarization to -90 mV 
evoked LTP (Fig. 4F), 

Polyamine-mediated rectification of AMPARS 
(and/or kainate receptors} thus explains the 
Voltage dependence of LTP induction in these 
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intemeurons and reconciles our results with 
previous reports that a Hebbian protocol induces 
LTP in intemeurons in the oriens/alveus when 
reconted with a polyamine-free whole-cell pi- 
pete solution (/2). Also consistent with these 
roports, blockade of group 1 metabotropic 
glutamate receptors prevented LTP induction in 
intemeurons with horizontal dendrites. in the 
oriensialveus (fig. S7), Finally, we looked for 
evidence that anti-ebbian LTP is accompanied 
bby an increase in wlitamate-release probabil 
(22), by applying extracellular polyamines, 
which also block CP-AMPARS in a use- 
dependent manner (20), Atier inducing anti- 
Hebbian LTP in one pathway, bath perfusion of 
A4-hydroxyphenylpropanoyl}spermine (5 to 
10 2M) caused a progressive decrease in EPSP 
initial slope, which was significantly faster in the 
paired than in the control pathway n= 7; fig 
'S8). Given that anti-Hebbian LTP did not alter 
AMPAR rectification (Fig, 3B), this result is 
consistent with presynaptic expression, 
AnticHebbian LTP may play distinet ro 


ships in different network states ( 
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Fig. 3. Anti-Hebbian LTP occurs in interneurons with rectifying AMPARs in 
the feedback circuit. (A) High-frequency stimulation (HFS) paired with 
hyperpolarization evoked LTP in 25 out of 31 interneurons in the oriens/ 
alveus [NMDARs blocked with 100 iM p,-2-amino-5-phosphonovalerate 
(APV)]. Insets: Averaged EPSPs before and after LTP induction, and 
membrane potential during pairing, in one intemeuron. Data are shown as 
the mean + SEM, (B) Repatched intemeurons recorded in whole-cell voltage- 
clamp mode revealed strongly rectifying synaptic AMPARS (rectification 
index < 0.3). Gray and open symbols show cells that did and did not exhibit 
LIP, respectively. Insets: Averaged EPSCs at ~60 and +60 mV in one cell that 
showed anti-Hebbian LIP. (C) O-LM cells were the commonest identified 


rons fire at high frequency (27), possibly satis- 
{ying the induction conditions for anti-Hlebbian 
LTP. Binding of pyramidal neurons to a sp 
‘map may occur during periods of high-frequency 

firing (23), similar to sharpavave ripples. In 
‘contrast, during theta activity, which is associated 
‘with exploratory behavior (24), O-LM cells fire 


in phase with pyramidal cells (27) and_may 
contribute to this oscillation through phase- 
locked dendritic inhibition (25) 
LP induced during ripples may therefore result 
in a long-term alteration of pyramidal cell 
xciiation of O-LM cells. which persists during 
theta activity, and may therefore contribute 10 
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Three fast spiking perisomatic-projecting neurons were also identified, 
‘including a basket cell (right. Scale bar: 200 jum. Firing patterns in response 
to current injection (J) are shown below. (D) Typical layer and pathway- 
specific properties of EPSCs in experiments where NMDARs were not 
blocked (n, number of repatched interneurons). Interneurons were 
recorded in the stratum radiatum (1), stratum pyramidale (2), and stratum 
oriens/alveus (3). (E) Success rates for eliciting Hebbian or anti-Hebbian 
LIP at synapses made by axons illustrated in (D). (F) Anti-Hebbian LTP 
requires activation of AMPA/kainate receptors. HFS stimulation of one 
pathway (filed symbols) was paired with hyperpolarization in NBQX (5 4M) 
(inset) After wash-out, EPSPs in both pathways recovered at the same rate. 
Inset: Averaged EPSPs before pairing (blue) and after recovery (red) in the 
‘two pathways in one experiment. Data are shown as the mean + SEM. 


spatial memory formation, the carly stages of 
which have been shown to withstand NMDAR 
blockade (26), 


Anti-Hebbian 
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Fig. 4. Intracellular 
polyamines determine 
the voltage dependence 
of anti-Hebbian LTP. (A) 
Postsynaptic depolar- 
ization prevents LTP in- 
duction. Data from cells 
recorded in perforated 
patch mode, showing 
UP induced by pairing 
high-frequency stimula- 
tion (HFS) of one pathway 
hyperpolarization 
(top, “anti-Hebbian”), 
and failure to induce LTP 
bby pairing the other path- 
way with depolariza- 
tion (bottom, "Hebbian’). 
NMDARS were blocked 
throughout. Data are the 
mean + SEM, (B) In six 
‘other cells, the second 
pathway was subsequently 
paired with hyperpo- 
{arization, yielding anti- 
Hebbian LTP in all cases, 
‘Data are the mean + SEM. 
(C) Baseline-normatized 
EPSP slopes plotted against 
one anather 20 min after 
anti-Hebbian (left) and 
Hebbian (right) paring. 
Insets: Sample membrane 
potential traces during 
pairing. (D) Anti-Hebbian 
LTP was first induced in 
‘one pathway (eft, filed 
symbols). The interneuron 
was then repatched in 
whole-cell mode with a 
polyamine-free pipette 45 
solution. HFS delivered 

to the second pathway 


(tight, open symbols) paired with postsynaptic depolarization (+20 mV) induced LTP. Top: 
Voltage (lft) and current (middle, with seal resistance test artefacts traces during pairing, and 
‘one O-LM cell identified among five interneurons in the sample (right scale bar: 200 jim). () 
Intracellular spermine blocked LIP induction in the second pathway when paired. with 
‘depolarization, Top: As in (D). (F) LTP was induced with intracelular spermine when paired with 
hhyperpolarization (-90 mV) Top: As in (D) and (E). Data in (D),(E), and (F) (bottom panels) are 
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Nucleus Accumbens D2/3 Receptors 
Predict Trait Impulsivity and 
Cocaine Reinforcement 


Jeffrey W. Dalley,*?* Tim D. Fryer,*? Laurent Brichard,2t Emma S. }. Robinson,*¢ 


David E. H. Theobald,*? Kristjan 


ine,’ Yolanda Pefia,*5 Emily R. Murphy,*? Yasmene Shah,* 


Katrin Probst,”? Irina Abakumova,”? Franklin |. Aigbirhio,”> Hugh K. Richards,*> Young Hong, 
Jean-Claude Baron, * Barry }. Everitt,** Trevor W. Robbins*? 


Stimulant addiction is often linked to excessive risk taking, sensation seeking, and impulsivity, 
but in ways that are poorly understood. We report here that a form of impulsivity in rats predicts 
high rates of intravenous cocaine self-administration and is associated with changes in dopamine 
(DA) function before drug exposure. Using positron emission tomography, we demonstrated that 
23 receptor availability is significantly reduced in the nucleus accumbens of impulsive rats that 
‘were never exposed to cocaine and that such effects are independent of DA release. These data 
demonstrate that trait impulsivity predicts cocaine reinforcement and that D2 receptor dysfunction 
in abstinent cocaine addicts may, in part, be determined by premorbid influences. 


umulating evidence suggests that eer 
Ase rsesiy ite 

ion (oF novelty) seeking, impulsivity 
ntisocial conduct disorder, may predispose 
ns 10 drug abuse and addiction (I~) 
However, thom studies of human drug addicts 
‘lon, it is difficult to determine whether comor- 
bid impulsivity and cognitive dysfunction (5, 6) 
pre-date the onset of drug use or emerge asa con- 
sequence of chronic drug use, Current hypotheses 
suggest that fong-term drug use impairs inhibitory 
control functions mediated by the prefrontal 
cortex and the associate! limbic brain circuitry 
Jeading to a loss of inhibition o¢ to impulsivity 
(7.8). However there iste evidence to date that 
chronic exposure t0 eoeaine and other psycho 
stimulant drugs Feads to fong-term inereases in 
{impulsive behavior in animals (9-7). 

‘The view that individual differences in drug 
abuse reflect distinet behavioral and physiologi- 
‘cal traits is richly supported by studies in animals 
(12-17), Rats that are selected for h 
induoed locomotor activity more readily acquire 
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ravenous amphetamine and cocaine self 
administration at lower doses than do rats that 
show reduced Ievek of activity (12. 13). Inaddition, 
rats that are impulsive on a delay-of-reward task, 
choosing a small immediate reward over a lange 
‘but delayed reward, show an increased propensity 
to selFadminister cocaine. as compared 10 low- 
impubsive rats (/8). Finally, the existence of trait 
variables related to drug-abuse vulnerability. is 
encouraged by studies in nonhurren primates in 
Which cocaine is more readily selfadministred by 
ssubondinate, rather than dominant, monkeys (79). 

A-key neural substrate underlying individual 
differences in drug vulnerability is thought 10 


Fig. 1. Behavioral 
attributes of trait impul- 
sivty on the 5-CSRT task. 
(A) Impulsive rats exhib- 
it high levels of prema- 
ture responding on days 
when visual targets are i 
presented either 5 satter & 
{rial initiation (days 1. 2, 
4,and 5) or7 saftertiial 9 
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involve the brain dopamine (DA) systems, in 
particular the mesolimbic and mesocortical DA 
pathways innervating the nucleus accumbens and 
prefrontal cortex. (/9-22). Positron emission 
tomography (PET) studies in nonhuman primates 
have indicated a role for DA D2 receptors in 
determining individual differences in intravenous 
cocaine selfadministration (19, 20). Speciticaly, 
Jow D2 receptor availability in the striatum 
inversely predicts subsequent levels of intra- 
enous cocaine selfadministration in rhesus 
monkeys (20), a result ily similar to that 
seen in studies of human cocaine abusers (23), 

However, it is not clear how individual 
differences in D2 reveptor availability relate 4 
ic behavioral endophenotype or behavioral 
process that confers vulnerability 1o drug addic~ 
tion, In addition, there have been few, if any, 
studies where DA release in vivo has been 
combined with PET estimates of D2 receptor 
availability. This is important because D2 
receptor availabilty is influenced by both recep 
tor density and competing DA release (24, 25), 
Thus, there isa need to conduct analogous PET 
studies in animals to investigate the predictive 
relationship between D2 receptor availability 
and trait behavioral markers of drug 
vulnerability 

We investigated the relevance of a spontane- 
ously occurring form of impulsivity in outbred 
Lister hooded (LH) rats to intravenous cocaine 
selF-administration and to underlying changes 
in striatal DA function, as measured by micro 
PET and in vivo microdialysis (26). We de 
fined impulsivity as high levels of anticipatory 
responses made before the presentation of a 


initiation (day 3), as com- 
pared to non-impulsive 
ras. Two-way analysis of gy 
variance (ANOVA) of pre- 
mature responses revealed 
2 significant main effect 
of day [F(4,40) = 144.9, i it 


T2345 


P< 001) and a signif 
«ant main effect of group 
(F,10) = 26.1,P < * 
0.01). However, there 
‘were no significant effects 


‘on other measures of task 
performance, including 
(B) attentional accuracy 
(F2,10) = 1.17, 


o 
T2aas 
baseline day 


= 0.306), () latency to collect food reward [F <1, not significant (ns), (D) omissions 
(F <1, ns), (E) latency to respond correctly [F(1,10) 


3.0, P = 0.113], and (F) the time required to 


‘complete both standard and challenge (Long-ITI) sessions (F <1, ns) Black circles, high-impulsive rats; 


white circles, non-impulsive rats. 
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food-predictive, brief light stimulus in a five- 
choice serial reaction time (S-CSRT) task of sus- 
tained visual attention (27). Typically, S-CSRT 
task impulsi 74 of male LH 
and, once identified, is a stable wait that pers 
throughout adulthood 

fe frst investigated the behavioral specific~ 
ity of wait impulsivity on the 5-CSRT task and 
the correspondence of this trait t0 the hig 
responder (IIR) drug-vulnerable phenotype 
described previously in rats by Piazza and 
colleagues (2), Trait impulsivity on the S-CSRT 
task was characterized by a ne 
in premature responding under both standard test 
conditions and when the intertrial interval (ITD 
was increased to 7 s (Fig. 1A), In contrast to the 
IR rat, in our study trait impulsivity on the 
S-CSRT task was inversely related tothe level of 
locomotor activity measured in a novel envieon- 
iment [correlation eoeticient (7) = 0.49, P= 0.02] 

si 
Twelve cocaine-naive adult male rats were 
then used to investigate DA D23 receptor 

in the ventra ral sria- 

nd the selective 
ty DA D2/3 receptor antagonist ("F] 
fallypride (28). Si 
hi prepared previously 
\ith an intravenous catheter. The ventral striatum 
was included as a region of interest (ROD, 
because the primary reinforcing 
stimulant effects of drugs of abuse depend on the 
functional integrity of DA affen 
(29-31). tn contrast, DA 1 
the dorsolateral striatum mediates the persistent 
or compulsive forms of drug-sccking behavior 
(22), which is consistent with a role for this 
rogion in stimulus-response habit-based fearing 


nhor-impulsive rats 


id. psycho- 


sto this region 
wrotransmission in 


ly reduced 
im(P 
not the dorsolateral striatum of 
rats as compared to nomsimpulsive rats (Fig. 2), 
and we also found a significant inverse corre 
tion between D2/3 receptor availability in the 
ventral striatum and impulsivity (r= 0.58, P 
(0,048) (fig. S2). An example of the quality of the 
data fit obtained with the sim 
tissue model (35) is shown in fi 
We also investigated the possibility. that 
{'"F fallypride binding potential in the 
\entral striatum was due to excessive 
DA in the nucleus accumbens, We postulated 
that enhanced DA release may have displaced 
[""E yfallypride from D2/3 receptors in this region, 
Jeading to an apparent reduction in D23 receptor 
availability. DA release and metabolism [inferred 
from levels of 3 4lihydroxyphenylacetic acid and 
homovanillic acid 4-hydroxy-3-methoxyphenyl- 
aectic acid) in the nucleus accumbens were not 
significantly different between impulsive rats and 
noreimpulsive rats. There was also no significant 
difference in levels of the S-hydroxytryptamine 
metabolite S-hydrosyindoleacetic acid. in this 
brain region (table $1). Thus, the most likely 


3 receptor 
0,037) but 
npulsive 


2 MARCH 2007 VOL 315 SCIENCE 


explanation cant reduction in D2/3 
receptor availability in trait-impulsive rats w: 
decrease in the number of D23 receptors. 


We next investigated the consequences of 
trait impulsivity for the acquisition and mainte 
‘nance of intravenous cocaine selfadministration, 


oe th 


Fig. 2. Reduced binding potential (BP) of the selective 02/3 receptor antagonist (**F)fallypride in the 
ventral striatum of drug-naive trait-impulsive rats (n = 6 rats) as compared to drug-naive non- 
impulsive rats (n = 6). (Top) ROIs are shown in the schematic coronal sections of the rat forebrain 
[adapted from (46)]. Dorsal and ventral striatal ROIs are depicted by the shaded and striped circles, 
respectively. Anterior-posterior coordinates (in millimeters) relative to bregma are shown on each 
‘coronal section. The ROIs have diameters of 2 mm in the transverse plane. BP values are averages of left 
and right striata. (Ato D) Horizontal MR coregistered PET images of [**Flfallypride binding inthe dorsal 
(upper panels) and ventral (lower panels) striatum of a non-impulsive rat ((A) and (O] and a high- 
impulsive rat [(B) and (0)). The images are 4.5 mm [(A) and (8)} and 7.0 mm [(C) and (0)] below the 
dorsal brain surface (BP threshold = 9). 


i9- 3. Differential escalation of intra- 
verious cocaine self-administration in 
high-impulsive rats (n = 8) as compared 
to non-impulsive rats (n= 8). On thefirst & 
5 days, access to cocaine was restricted to5 
hours and 2 maximum of 50 infusions. 
‘After a withdrawal period of 9 days, access 
to cocaine was increased on each of the 
following 5 days to 8 hours and a max- 
imum of 150 infusions. This pattern of 
intermittent cocaine self-administration 
‘was repeated on two further occasions. Im- 0. 

pulsive rats showed a differential increase ° 5 
in their rate of cocaine selt-administration 
after extended access to cocaine [session: 
(19,133) = 2.04, P= 0.01; group: Fll,14) = 32.82, P-<0.001: session x group: F(19,133) = 1. 
0.017]. Subsequent pairwise comparisons revealed significant differences (P < 0.05) between the 
session and sessions 10, 13, 14, and 15 for the non-impulsive group and between the first session and 
all sessions but nos. 2, 3, 4, 10, and 16 for the high-impulsive group. Black circles, high-impulsive rats; 
White circles, non-impulsve rats. 
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Intravenously catheterized rats that were screened 
previously for impulsivity on the S“CSRT task, as 
‘well as their non-impusive controls, were tained 
to acquite intavenous cocaine selfadministration 
under a continiousreinforcement schedule (fi 
SH), Impulsive rats exhibited a clear increase in 
theirrate of intravenous cocaine selF-administration 
as compared to non-impalsive rats (Fig. 3), as well 
as a vertical shift in the cocaine dose-response 
curve (lig. $5), 

Ina final experiment, we investigated the ef: 
fects of repeated intermittent withdrawal of co- 
1 on pretrained performance of the S-CSRT 
lask (Fig. 4), Our objective was to determine 
whether high rates of cocaine selfsadministration 
exhibited by traitimpulsive rats resulted in dif= 
{erential impairments in sustained visual atten- 
tion, as compared to non-impulsive rats, We 


found that prolonged exposure of trait-impulsive 
rats to cocaine decreased levels of premature 
responding on the S-CSRT task when the ani- 
mals were tested in withdrawal (Fig. 4), but that 
it had no eflect on other measures of perform- 
ance, including attentional accuracy, omissions, 
and response latencies, Thus, one clear conse- 
‘quence of long-access cocaine exposure and sub- 
sequent cocaine withdrawal in traitimpulsive 
rats was a selective nommalization of premature 
responding on the S-CSRT task, relative to non- 
impulsive rats 

‘We have shown that individual differences in 
impulsive behavior on a five-choive task of sus- 
tained visual attention strongly predict individual 
Variation in the rate of intravenous cocaine self 
aciministraion. Specifically, rats exhibiting trait 
impalsivity on the $-CSRT task (27) showed a 
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Fig. 4. Effects of intermittent intravenous cocaine self-administration in high-impulsive rats (n = 
8) and non-impulsive rats (n = 8) on sustained visual attention on the 5-CSRT task. (A) Rats were 
withdrawn from intravenous cocaine self-administration on four occasions and tested 24 hours 
later for 7 consecutive days on the 5-CSRT task. ShA, tested after short access to cocaine over 5 
days, when rats received 50 cocaine infusions over 5 hours: LgA-1, tested after long access to 
cocaine, when the daily number of cocaine infusions increased to 150 and the session duration to 8 


hours; LgA-2, tested after a second long-access exposure to cocaine; LgA~ 


tested after a third 


long-access exposure to cocaine. ANOVA of premature responses revealed significant group x cycle 
[FG,42) = 7.86, P = 0.023] and group x cycle x session [F(18,252) = 4.29, P < 0.001] 
interactions. Subsequent analyses revealed that premature responding was higher in high- 


‘impulsive rats as compared to non-impulsive rats during the ShA cycle [group: F(1,14) 
0,001] but not during subsequent LgA-1 [F(1,14) = 0.62, P = 0.44], LoA-2 [F(1,14) 


20.58, P< 
3.82, P 


0.074], and LgA-3 [F(1,14) = 0.51, P = 0.49] oycles. There were no significant differences between 
‘non-impulsive and high-impulsive rats with respect to (B) attentional accuracy, (C) omissions, and (D) 
‘correct response latency (F < 1.44, P > 0.24 for all comparisons). Black circles, highvimpulsive rats; 


white circles, non-impulsive rats. 
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seater tendency for escalation of intravenous 
cocaine selfadministration than did their non- 
impulsive counterparts. We also found un- 
equivocal evidence for a significant inverse 
relationship between D2/3 receptor availability 
in the ventral striatum and trait impulsivity that 
could not be explained by abnormalities in pre= 
synaptic DA release and function in this region 
These results expand on previous findings in 
abstinent human cocaine addicts (23, 36) by 
demonstrating that decreased) D2 receptor aval- 
ability in the stristum may be a predisposing 
nourobiological trait and not only a consequence 
‘of chronic cocaine exposure. They also add to the 
finding that D2 receptor availability in the 
striatum inversely predicts rates of intravenous 
‘cocaine sel administration in previously cocaine- 
naive thesus monkeys (20), by defining the 
characteristics of a drug-vulnerable phenotype: in 
terms of a specific behavioral constrict, as wells 
bby underlying abnormalities. in D2 receptor 
funetion in the striatum, Thus, the present data 
demonstrate that trait impulsiveness is a drug- 
‘vulnerable phenotype and highlight a potential 
overlapping involvement of D2-Hike DA revep- 
tors, which have been previously implicated in 
genetic studies of both impulsivity and vulnera- 
bility to drug-abuse disorders (37, 38), 

‘Trait impulsivity on the S-CSRT task is 
negatively correlated with novelty-induced loco- 
sotor activity and s0 is unlikely to be equivalent 
to the HR drug-vulnerable phenotype (12). In 
contrast to HR rats (/2, 13), the high-impulsive 
rats in the present study did not acquire cocaine 
selfadministration faster than the low-impulsive 
rats. Although impulsive female rats sereened by 
means of a food-motivated delayed-discounting 
task acquired cocaine selfadministration more 
rapidly than did Jow-impulsive rats (78), the 
impulsive rats acquired the delayed-<discounting 
task more readily, suggesting that a more funda- 
mental difference in instrumental learning may 
‘underpin the difference in the initiation of drug 
taking behavior. HR rats also selfsadminister high 
doses of stimulants (12, 13, and s0 it is con 
ceivable that this phenotype overkaps with the 
present hizh-impulsive animals to some extent 
However, our findings specifically link trait im- 
pulsivity, rather than hyperactivity. to the mainto- 
‘mance and escalation of cocaine selFsudministation 
and to reduced! D23 receptor binding in the nue 
cleus accumbens 

Mutant mice lacking D2-like receptors 
show high rates of intravenous cocaine self 
administration when high doses of cocaine are 
made available (39). Thus, D2 receptors may 
play a role in regulatory processes that nor- 
mally act to limit excessive rates of cocaine 
self-administrtion, The decreased D23 receptor 
availability in the nucleus accumbens of high- 
impulsive rats may therefore contribute to ine 
creasad cocaine self-administration, This finding 
may have broad relevance to a number of abused 
drugs in humans, including nicotine and opiat 
‘where high consumption rates have also been 
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linked to reduced D2 receptor function, specifi- 
cally because of the presence of the D2 Tag 1 AL 
allele (40,42), which has previously been shown 
by PET to be associated with reduced D2 
receptor density in the striatum (42) 

‘Our results are consistent with the hypothe- 
sis that dysfunctional DA neurotransmission 
at D2-like receptors in the nucleus accumbens 
confers susceptibility to increased cocaine self 
administration in high-impulsive rats. Recent 
findings in rhesus monkeys trained to sell 
administer cocaine suppon this view (19, 20), 
bout there has been little evidence to date that 
D2 receptor dysregulation that is present either 
as trait marker or induced by chronic cocaine 
exposure is restricted 10 the nucleus accum- 
bens. Indeed, analogous PET studies in monk 
(19, 20,43) and abstinent human cocaine addicts 
(23) report generalized reductions in D2 receptor 
availability throughout the striatum, In contrast, 
asin the present study, D2 receptor density andl 
D2 mRNA content were found to be significant- 
ly reduced in the nucleus accumbens but not in 
the dorsal striatum or medial prefrontal cortex of 
TR rats (4). 

‘The contrast between specific reductions in 
D2 receptor availability in the nucleus accumbens 
in rats before cocaine selt-administration, as 
compared to the more divergent effects in the 
striatum alter chronic expasure to cocaine self 
addministrtion, suggests the hypothesis that the 
Ventral striatal changes confer susceptibility 10 
cocaine taking, which subsequently affects DA 
heuroiransmission inthe dorsal striatum, with 
comesponding effects on the number of D2 
rooeptors in that region (20, 23, 43). Thus, the 
development of psyehostimulant drug addiction 
may represent & progression from initia impul- 
sivity mediated by the nucleus accumbens to the 
development of compulsive habitual responding 
mediated by the dorsal striatum (32, 43) 
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Reconstitution of DNA Segregation 
Driven by Assembly of a 
Prokaryotic Actin Homolog 


Ethan C. Garner,*? Christopher S. Campbell,” Douglas B. Weibel,’ R. Dyche Mullins*?* 


‘Multiple unrelated polymer systems have evolved to partition DNA molecules between daughter 
‘ells at division. To better understand polymer-driven DNA segregation, we reconstituted the three- 
‘component segregation system of the Ri plasmid from purified components. We found that the 

ParRiparC complex can construct a simple bipolar spindle by binding the ends of Pari filaments, 


ity, and acting as a ratchet permittin 


orporation of new monomers 


and riding on the elongating filament ends, Under steady-state conditions, the dynamic instability 
of unattached ParM filaments provides the energy required to drive DNA segregation. 


ensure fidelity of gene transmission, 
| DNA molecules must be evenly distrib- 
‘uted among daughter cells before division. 
Eukaryotes hamess the polymerization of tubulin 


to drive alignment and segregation of chromo- 
‘somes (/); chromosome segregation in some eu- 
‘bacteria requires assembly of actin-like filaments 
3); and some extrachromasomal DNA ele- 


‘ments have evolved their own polymerase DNA 
segregation machinery (4, 5), Plasmid RU is a 
lange (100 kb), low-copy number plasmid with 
sewregation machinery encoded by the paar oper= 
fon (6, 7). This operon is composed of three 
elements: parC, park, and parM (6). parM 
‘encodes an actinslike protein that assembles into 
dynamically unstable filaments (8). par encodes 
4 protein that binds cooperatively to sequence 
repeats within parC, forming a complex that 
binds ParM filaments (9). It has been proposed 
that products of the par operon assemble into a 
bipolar spindle-like structure whose elongation 
drives plasmid seurevation (9), but itis not yet 
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known hon 


they convert the fiee enery 
ation into useful work 
By atomic structure, PasM is simila 


(70), but by filament assembly dynamic 


nation of these kinetic parame 

steady-state population of short (1.5 jm) a 

unstable (lifetime ~20 s) PasM filaments (8), 
To understand how Park: and pure 


filament assembly to segregate DNA, we parifi 


all three components and tested ability wo 
selfaassemble in vitro, We expressed and purified 
ParM and Park proteins from £ 

(lig, SL), We attached fluorescent (Cy3-labeled| 
DNA containing the parC sequence to 350-nm 
spherical beads. We then mise ¢ 
coupled mi ros With Par, ire 
cently labeled (Alexa 488) ParM, duced 
filament by adding adenosine tt: 


phosphate (ATP, 
ParM filam 


reads (Fig. 1A), 


isolated centrosomes (12). A ratio 
required ATP, Park (fig. S2A), and DNA 
containing the parC sequence (Hig. S2B), Ast 
Were dynamic, with filaments growing and 
shrinking from the surface of the bead, a 


1), similar to the maximum lengths of indivi 
ual ParM. filaments in 


ple ATP anak 
phate (AMP-PNP), astral 
ParM projections grew much longer (Fig. 1¢ 
fig, $3, and mn 


namic instability of ParMt limited filament le 


dynamic asters, ParM filam 


structures previously observed in vivo (7). The 
bundles and attached be ed c 

unit with uid flow, indicating that ParM 

filaments were tightly attached to the ParR part 

complex. By electron microscopy (EM) we « 

served parC beads connected by ParM 

of varying thickness. We traced indivi 

tents from one parC bead to the other (Fig. TE). gig, 4. tn vitro reconstitution of the R1 plasmid spindle. (A) Individual ParR/parC-coated beads 


5 (red, Cy3-labeled DNA; green, Alexa 488-labeled 
labeled Parlt aster. Right: Maximum in 


the ParM filament with radiating fluorescently labeled Pa 
interacted with the ParR/parC complex. In time pargy). (B) Left: Time-lapse sequence of an Alexa 4 
tensity projection of the time. ff in fluorescence at 3 um. (C) 

ngated at a constant rate, pushing parC Inhibition of ParMt dynamic instability with AMP-PNP produces substantially larger asters. (D) Two- 
wwence of bipolai les segregating ParR/parC-coated 

ments run from bead to bead, as shown by EM of negatively stained 
eries of bipolar spindle elongation. (G) Elongation of a multipolar 


apse movies, the bivalently attached P 
dh 
beads in opposite directions (Fig. 1, D and F. and color images anc 
movies S3 beads. (E) Individual Pa 
Thus ParM, Par and parC are sufficient to form —R1 spindles. (F) Ti 
ar, DNA-segregating spindle. hi Part 


fe sequence, illustrating fal 


ture. 
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multiple parC beads offen interacted to form — interaction with the ParRijxirC complex. T 


multipolar linear cha 
IG a 


structures that also expanded equilaterlly as each (wo unconnected ParM asters come into py 


and polygons of ParM_— supported by the observation of a “search-a 


J 56). 


bundles (Fig id movies SS a ture” (3) process of spindle formation: Whe: 


¢ elon 
S4 
wrC beads and movies S7 and $8). We tested whether 
1 stabilizati 


bundle elongated at the same rate ity, they stabilize a filament bundle wh 

The fact that we observed Jong, stable ParM 
filaments only between pairs of 
bilized 


gation pushes the asters apart (Fig. 2A, fig 


ies that both ends of each filament are sta- bipolar attachment was required 


inst catastrophic disassembly by by using laser ir 


Fig. 2, Part filaments are stabilized when bound at each end by the ParR/parC complex. (A) ParMt 
spindles form by “search and capture.” Sequence shows isolated ParM asters forming bipolar 
spindles that subsequently push the beads apart. Red arrows indicate capture events. (B) ParMt 
filament bundles are stabilized a both ends by interaction with ParRiparC beads. Cutting a ParMt 
spindle by laser irradiation (red box) results in depolymerization of severed ends. (C) The R1 
spindle finds the long axis of a channel. Time-lapse sequence shows R1 spindles confined within a 
microfabricated channel. 


spindles. Afler cutting, both severed ends of the 
by 

(Fig. 2B, fig. $5, and movies $9 and $10). This, 
stabilization of ParM 


dle depolymerized back to the parC beads 


requirement. for bipol 
spindles provides an explanation for the apparent 
M 


plasmid counting observed in vive, where Pi 


spindles occur only in cells containi 
more plasmids (9). 
To determine whether the RI spindle was 


saflicient to find the long axis of a bacterium. 


sized space, we assembled spindles in micro- 
bricated channels of various shapes. Spindles 


ways aligned with the long axis of the channel 


and pushed parC beads in opposite directions 
(Fig. 2 ing. that 
entation of RI spindles can occur without 


cellular landmarks, Spindles elongated  trvely 


until they encountered resistance. Elongation 


stalled at the ends of the channels and slowed at 
bends. Thus, the RI spindle could find the lon 
axis of a roxt-shaped cell by a simple Brownian 
ratchettype mechanism, 

We next used photobleaching and speckle 
inicroscopy to determine where new ParM mono- 


poratcd into the RI spindle, We first 


reference marks onto elongating 


fig, $6, and movie $12), In all 


spindles (Fig 
ceases (= 6), the distance between the two 


bleached marks did not change with time 


whereas the distance between each mark and 


the nearest parC bead inereased ata constant 


te (Fig. 3B), We never observed recovery of 


fluorescence within a bleached zone, which 


the middle of the ParM bundle and that indi 


that_no polymerization took place in 


Vidual filaments did not slide past each other 
Speckle microscopy (14) of elongating spindles 
indicated that monomers incorporated exclu: 


arC beads (Fig, 3C and 


ively at the surface of 
movies $13 and S14), 

Interaction with the Park 
not affect the rate of ParM filament growth, From 


arC complex did 


the photobleaching and speckling experiments, 


we determined that filaments within a spindle 


arate of 11.6 1.7 monomers 5 0 


clongate 
Sends), From the clon 
mer concentration of 2.3 wM (15), we cal 
culate a rate constant for ek 
attached ParM filaments of SM! 5 ', identical 


ation rate and steady-state 


ation of bead: 


to the rate constant for elongation of free ParM 
filaments (8), 

In ParM mutants defective in ATP hydrolysis, 
the critical concentration for assembly is 0.6 iM. 


(8). This is the free monomer concentration above 
which ATP ParM filaments clongate and below 
which they shorten. The critical concentration of 
adenosine diphosphate (ADP) ParM filaments is 

eater by a factor of more than 200 (>120 wMb), 


and this nuclootide-dependent increase isthe basis 
fir dynamic instability of ParM filaments, Av 


steady state, in the presence of ATP, the rate of 


filament nucleation is balanced by the rate of 


filam 


Fig. 3. R1 spindles elongate by i b 
parC complex. (A) Photobleaching (indicated 
spindles reveals symmetrical, bipolar elonga 8) i 
ParM spindles elongate at each end at the as free filament 

ends, The distance between the two photobleached strip 
between the stripe and the bead in (A) was measured on 


jon at the bead surface 


frame 


a pe 


Fig. 4. Dynamic instability of free Part filament 
provides the energy for R1 spindle elongation. (A) 
The ParR/parC complex stabilizes ParM filament 
down to the ParM-ATP critical concentration. 
Spindle assembly reactions were performed at 
the indicated concent 
labeled ParM. (B) By abolishing the difference in 
critical concentration between free and ParR 
pparC-bound ParM filaments, AMP-PNP eliminates 
sustained polymerization on ParR/parC beads. (C) 
Small amounts of ATP added into AMP-PNP 
ore 5 merization on ParRiparC 
beads. (D) Hydrolysis-dependent Pa 
gation occurs specifically at filamer 
to ParRiparC complexes and not at free filament 
‘ends. Assembly reactions as in (C) were initia 
with Alexa 488-ParM (green); at indicated times, 
piked with Cy3-ParMt (red) 


A 


tions of Alexa 4 


ained po! 


the reactions we 


Results were visualized after 50 min. Two 
‘examples of each time point are shown. (E) Rate 
(of ParM tail elongation scale with the fraction of 
hydrolyzable nucleotide, Reactions as in (O were 
performed at vatious ATP/AMP-PNP ratios. The 
rate of tail elongation was plotted against the 


percent of ATP within the nucleotide mixture 


g SCIENCE 


1:1000 to produce fluo 
elongating spin 


in distance was plotted against time, (C) By speckle 
add to the spindle at the ParR/par 
488-ParM; red, thodamine-ParM doped at 
cent speckles. Left: Time-lapse sequence of an 
le end (80 5 per frame), Right: Kymograph of the time 


new P 
Green, 


terface 
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state monomer concentration of 2.3 M. Beneath, 
2.3 uM, no filaments are detectable by fluores- 
cence microscopy, Huorescence resonance ener 
uy transfer (FRET), or high-speed pelleting (8) 

‘To determine how binding to the ParR parC 
complex. aff 
ParM filaments, we investigated the concentra 
tion dependence of RI spindle formation. At 
concentrations above 2.3 uM, ParM formed 
numerous dense and stable spindles connecting 
pairs of parC beads (Fig. 4A). Below 2.3 yM, 
ParM formed spindles between beads, but their 
frequency and lifetime decreased with decreasing 
ParM concentration, Below 0,6 iM, ParM fled 
to form any detectable spindles, even between 
parC beads in close contact. Thus, interaction 
with the ParR/parC complex stabilized ParM 
filaments down to, but not beneath, the ATP 
I concentration of 0.6 wM, presumably 
ise the ParR/parC complex simply inhibits 
mie instability 

onsaquerice of our results is that the 
‘energy to segregate parC beads must be supplicd 
by dynamic instability of unattached! ParM fila 
ments. For polymerization to perform useful 
ork, the monomer-polymer balance a the load 
must be kept away trom equilibrium (/6), We 
found tht ParM filaments in the spindle are sta- 
bilized to the ATP critical concentration (0.6 uM) 


steady-state 2.3 uM 
(Fig. 3B), a concentration that is maintained by 
dynamic instability of unattached ParM fila 
ments (8). 

To demonstrate this dircetly, we varied the 


energy difference between attiched and un 
attached filaments by adding different ratios of 
ATP and AMP-PNP to our reconstituted DNA 


the critical concentration of 


segregation system. In 100% AMP-PNP, the 
ParRiparC-attached and unattached filaments 
had the same critical concentration (0.6 jxM), 
and the system quickly reached equilibrium 
(-2 min) with parC beads surrounded by a 
small, niondynamic shell of ParM filaments 
(Fig 4B). Reestablishing an energy difference 
bby adding small amounts of ATP produced sus- 
tained ParM polymerization at the bead surface. 
In 3% ATP and 95% AMP-PNP. slow-growing, 
stable, monopolar tals assembled on the surf 
of large parC beads, propelling them throug 
the medium at a constant rate for up to 2 hours 
(Fig 4Cand movies $15 and S16), By using two 
colors of labeled ParM, added at different times 
(Fig. 4D), we found that filament elongation 
occurred exclusively on ParR/parC associated 
«ends and not on fee ends. Hence, the unattacheat 
filament ends are at steady state, whereas Park 
parC-associated ends elongate in a. hydrolysis 
dependent manner, The elongation rate of sta- 
bilized tails increased with the proportion of 
hydrolyzable ATP (Fig. 4E), demonstrating that 
the energy difference driving bead motility was 
Proportional to the amount of hydrolysis-capable 
monomer that could be stabilized by the Park 
par complex. 

In response to evolutionary pressure, the 
RI plasmid has evolved a self-contained, throe- 
‘component system to ensure its scysegation. All 
key finctions of the RI spindle require dynam 
instability of ParM filaments. Dynamic instabili 
enables unbound filaments to tum over without 
disassembly factors (8). Filaments stabilized at 
‘one end by ParR parC ean search for additional 
plasmids (fig. SX and movie SI7% filaments 
‘bound at both ends are stabilized against dynamic 
instability, forming a productive spindle. Finally, 


the dynamic instability of unbound filaments 
provides the excess monomer to drive elongation 
of the stabilized filaments within the spindle. 
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Multiple Functions of the IKK-Related 
Kinase IKKe in Interferon-Mediated 


Antiviral Immunity 


Benjamin R. tenOever,* Sze-Ling Ng,” Mark A. Chua,” Sarah M. McWhirter,? 


Adolfo Garcia-Sastre,? Tom Maniatis™* 


Ikke is an IKK (inhibitor of nuclear factor 


kinase)-related kinase implicated in virus induction of 


interferon-B (IFNB). We report that, although mice lacking IKKe- produce normal amounts of IFN}, 
they are hypersusceptible to viral infection because of a defect in the IFN signaling pathway. 
Specifically, a subset of type | IFN-stimulated genes are not activated in the absence of IKKr because 
the interferon-stimutated gene factor 3 complex (ISGF3) does not bind to promoter elements of 
the affected genes, We demonstrate that IKKe: is activated by IFN[S and that IKe directly 
phosphorylates signal transducer and activator of transcription 1 (STATI), a component of ISGF3. 
We conclude that IKKe plays a critical role in the IFN-inducible antiviral transcriptional response. 


tivation of innate immunity by virus 
infection begins with type T IFNa and 
IENB gene expression followed by 


induction of the Janus kinase-signal transducer 
and activator of transcription (JAK-STAT) 


pathway. Kkading to the expression of a lan 
family of IFN-stimutated genes (ISGs) (1). The 
initial response is triggered by pattem recog- 
nition receptors that bind to virus-specific mo- 
lecular signatures and activate latent kinase 


complexes such as the stressatctivated protein 
kinase and p38), the 
wIKK/VIKK;), and the IKK= 
related kinases TANK-binding kinase 1 (TBK1) 
and IKKe [also called IKKi (2)] (3). These 
kinases coordinate the assembly of the IENB en- 
hanceosome, a multisubunit complex composed 
fof the transcription factors ATF2 (activating 
transcription factor 2)/cun, NFB, and 
feron regulatory factors 3 and 7 (RF3 and 
IRF7) (3). IENB induces dimerization of the 
type LIEN receptor and activates the asso- 
ited kinases tyrosine kinase 2 (TYK2) and 
JAKI (7), leading to the tyrosine phosphoryl- 
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ation of STATL and STAT2 and STAT associa- 
tion with IRF9 to for the ISGE3 complex. This 
complex binds to ISREs (intertewon-stimulated 


foup of ISGs, resulting in their transcriptional 


activation (4). 


Initial characterization of the kinases respon- 


response elements) in the promoters of a large sible for IFN} transcription suggested that the 
A 8 
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Days post infection 


Fig. 1. Ikke knockout mice are hypersusceptible to influenza virus infection. (A) Mice were ad- 
ministered increasing amounts of WSN intranasally and observed over a 7-day period (n = 5 mice 
per cohort per dose). (B) Cohorts of mice were administered 7 10° pfu intranasally and weighed 
daily (n = 20 mice per cohort per dose). Values represent average scores of overall weight loss 
compared with initial body mass 


Fig. 2. Ikke is required forthe normal 
host response to infection. (A) Vial 
expression from infected mice (7 x 10 
pfu) was determined by Q-PCR from 
pooled lung samples. Values deter- 
mined as ratios of viral nucleocapsid 
protein (NP) relative to Hort. (B) Lung 
transcriptional profiles of IFNIS (nb), 
IFNa fra), Adar, tumor necrosis 
factor (fa), NP, ikbke, and Hprt 
as determined by RT-PCR. (C) ADARL 
activity as measured by influenza 
matrix () RNA sequencing. M_ was 
reverse transcribed from pooled tung 
samples (8 dpi) and sequenced for A 


Relative Vial NP Expression > 


Days postinfection 


n of IKKe functions in 
a redundant role to its ubiquitous counterpart, 
TBK|, in the activation of IRF3 and IRF7 ex 
vivo (5-8). To investigate the function of IKKe 
in vivo, we generated mice deficient in IKKe 
(fig. SIA), Disruption of kbke™ (hx 
coding IKKe) resulted in a complete loss of the 
kinase in both mice and embryonic fibroblasts 
(EFs) (fig. S1B). To determine whether IKKe is 
required to protect against virus infection in vivo, 
we infected wild-type (WT) and dkbke"~ mice 
with inereasing doses of influenza AWSN/33 
Virus (WSN). Although inoculations of more 
than 7 10° plaque-forning units (pfu) resulted 
in 100% monality of both cohorts, hi 


Vinus-inducible express 


displayed an increased susceptibility to WSN at 
lower titers (Fig. 1A), After inoculation with 700 
both WT and ikbke’ mice displayed 
+r than 10% body weight loss, although 
unlike WT controls /hike 
decline below 80", 


‘mice continued 10 
al body mass 
1g 10 the infection (Fig. 1B), 


before succumbin 


to G substitutions (n = 96 transcripts c 

per cohort. Underlined adenosines $4 

represent positions of base transitions 5* mae scans Cael a 

() Viral titers of primary EFs infected 5% 2S CIIRABRAGICUNE. CACHAN 
with WSN (multiplicity of infection = Eel eaeaiaai >) 
0.01) as determined by plaque assay. 22 S99 
Values represent the mean average of 5 WM eco "ees 6 econ nce Succe 
triptcate experiments. ror bars ind Fa) SAC, yo, Cy rN 22 
cate standard error of the mean. (E) EF : vy 

transcriptional profiles of Yfnb, Ado » 


IN-activated gene 203 (203), NP, 
Iktbke, and Hprt by RT-PCR. 
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Quantitative polymerase chain reaction 
(QPCR) for virus nuckocapsid MRNA and 
Vinis plaque assays front lung tissue indicated 
that skhbke™ mice had an elevated viral load 
‘compared with that of their control littermates 
(Fig, 2A and fig. S2A), Histopathology of lungs 
at seven days post infection (dpi) revealed that 
infected skhke™ mice exhibited an inflammat 
trate consisting of lymphocytes, macrophas 
and neutrophils (fiz. S2B), However, reverse tran- 
setiption PCR (RT-PCR) and enzyme-linked 
munosorbent assay (ELISA) analyses of lung 
and serum, respectively, revealed no obvious de- 
ficieney in virus-induced cytokines, such as IFN 
«a, hand y, RANTES, and TL2, or in the amounts 
of virus-specific antibodies (Fig. 2B and figs. S3 
and S4A), By contrast, amay (Affymetrix, Santa 
Clara, CA) analysis of RNA trom pooled primary 
Jung samples revealed a subset of ISGs, including 
Wt3. i203, and the double-stranded RNA 
(RNA) activated adlenosine deaminase gene 
‘ldar), that were poxrly induced in the abs 
fof IKKe as corroborated by RT-PCR analyses 
(Fig. 28 and fig. 4B). To detemnine whetber the 
resulting loss of ADARI has functional conse- 
‘quences, we amplified and sequencad a stem loop 
structure present in WSN mtris (M) mRNA fiom 
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infected hung tissue. ADARI binds double- 
stranded RNA (dsRNA) and! deaminates aden- 
sine residues, thus converting adenine to 
‘guanine and thereby mutagenizing viral RNA 
(9). Analysis of over 95 individual clones from 
each cohort revealed that greater than 30% of 
the Viral M mRNA bears at least one or more 
-G transitions in control mice, compared 
With less than 5% in Ikbke™ mive (Fig. 2C), 
We conclude that IKK is required for the in- 
duction of a subset of ISGis such as ADARI, 
which displays antiviral activity in vivo. 

‘To determine whether the in vivo phenotype 
of Ikbke™ mice could be recapitulated ex vivo, 
we compared the rates of influenza virus rep- 
lication in primary EFs from WT and Jkbhe 
mice, Comparable replication rates were ob- 
served at 2 dpi, although the titer continued 10 
inerease in Ikke” cells relative to WT cells 
thereafter (Fig. 2D). RT-PCR analyses from the 
WT and Mkbke™ samples showed comparable 
induction of IFN but revealed a decrease in the 
expression of a subset of ISGs (Fig. 2E), A low 
amount of vinus-inducible ADART mRNA was 
‘observed in Ihhke"” EF: however, the induction 
fof other ISGs such as IFI203 was compktel 
‘blocked. Thus, it appears that IKKe controls the 


optimal expression of a subset of ISGs required 
to control viral load both in vivo and ex vivo. 
Contain ISGs are inducible by both virus 
infection and IFN treatment, whereas others are 
inducible only by IFN ditcctly (/0). To determine 
whether the IKKe-dependent ISGs are defective 
in IFN signaling, we treated WT and Mike 
EFs with recombinant IFNB (F1FNB). About 30% 
of the IFN-inducible ISGs were poorly induced 
in Ikhke™ ERs (Fig. 3A), This result was 
confined by RT-PCR analyses (Fig. 3B), 
h the amount of IFN induction of sev- 
genes, such as Adarl, fit3, and 17203, 
decreased in the absence of IKKe, others, such as 
U7. Prkra (RNA-activated protein kinase), and 
Stat], were unaffected, Alignment of the DNA 
sequences of IKKe-dependent ISREs identified 
consensus sequence similar to previously 
acterized ISGF3 binding sites (4, 17) (ig 
Electrophoretic. mobility shift assays (EMSAs) 
using these ISREs identified an IFN-inducible 
DNA-protein complex that failed to bind 10 
IkKe-dependent promoters in extracts. from 
IFN-teated /hbke™~ cells (Fig. 3C), This com 
plex was shown to be ISGF3, because IRF9, 
STATI, and STAT2 antibodies all disrupted 
DNA-pmoicin complex formation (Fig, 3D), Ex- 
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ST ED STAT STAT? Ab. oe oe 
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Fig. 3. The type | IFN response is defective in /kbke~ EFs. (A) Gene 
‘expression profile in primary EFs treated with rlFNB (0.1 Umi) for 6 
hours. The heat map depicts the average mean induction of 1SGs from 
triplicate Affymetrix samples. (B) Transcript quantities of Adar, IFN- 
induced protein with tetratricopeptide repeats 3 (fit3), i203, IRF7 Urf7). 
Stati, Ikbke, and Hprt as determined by RT-PCR from riFNi-treated EFS. 
hpt, hours posttreatment. (C) Cell extracts from rlFNj-stimulated EFS 


were analyzed by EMSA with ISRE elements derived from the 25° 
oligoadenylate synthetase 18 (Oas1b), myxovirus resistance 1 (Mix), and 
Adorl genes. The ns band denotes nonspecific binding. (D) Protein 
‘composition of ISGF3 was analyzed by antibody (Ab.) competition assays 
with IRF9, STAT, and STAT2 antibodies, CTRL, control. (E) ikbke ~~ EFs 
were transfected with vector, IKKe, or K38A. Transfections were untreated 
or treated with rlFN® and analyzed by EMSA on an Adar! ISRE. 
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pression of IKKe but not a dominant negative 
mutant of IKKe [Lys™—Ala™ (K38A)] rescued 
IFNB induction of ISGF3 binding in Jhhke™ 
ccells (Fig, 3E). Thus, ISGE3 binding to IKKe- 
dependent promoters requires IKKe kinase 
‘activity, To determine whether IKKe can be ac- 
tivated by IFN treatment, we transfected EFs, 
Which express minute quantities of IKKe, with 
WT IKKe or the K38A mutant and tated the 
EFs with rENB, Because The" (TSO1) of 
IKKe has been implicated in virus-induced ac- 
tivation (/2), we used a phosphospecific TSO1 
antibody 10 observe a rapid induction of IKKe 
phosphorylation in IFNeteated cells (Fig. 4A). 
TBK1, which is not aetivated by IFN treatment, 
does not contain this TSO1 residue. On the basis 
of the amino acid sequence of the phosphoryl 
ation site in IKKe and previous studies that 
implicate p38 kinase in IFN- and virus-induci 


phosphorylation, we speculate that IKKe acti- 
vation may be mediated through p38 kinase 
signaling (13) 

‘The Mbke™ phenotype is similar to that of 


Sut mice, which also displays an increased 
‘susceptibility to influenza. virus infection bor in 
Vivo and ex vivo. Hewvever, in contrast to ahh 

cells, whore 30% of ISG Bil 1 be induced by 
IFN, no ISGs ane induced in Sut! cells (14, 13) 
This suggests that STATI signaling is not com 
pletely compromised in the absence of IKKe. 
This observation is consistent with EMSA and 
clitoniatin inimunoprecipitation (ChIP) analyses 
‘of IkKe-independent ISREs showing nommal 


binding to ISGF3 in Whe" cells teated with 
JENB (Fig. 4. B and ©). In akition, bone marrow 
derived macrophages from Ikke mice dis- 
play nonnal induction of IFNy-stimulated genes 
(fig. SSB). 

As critical components of ISGF3, STATI and 
STAT2 are potential targets for IKK. We there- 
fore investigated the status of these 1wo tran- 
sefiption factors in response to IEN in Akhke 
mice. Initially, we carried out Westem blot ex- 
periments with primary lung extracts from i 
infected with different viruses. The quantities of 
both STATI and STAT? increased normally in 
response 10 infection; however, discrete break- 
down products of STATI were observed in WT 
mice but notin Ukhke”™ mice (ig. S6, A and B). 
In primary EF, the amount of STATI in Ikke 
IENprireated cells execeded that of WT cells 
(lig. SOC). In considering these results together, 
We suggest that STAT appears to be subject 10 
IKKe-dependent processing andor degradation, an 
‘event that has been ascribed to STATI previously 
(16). This explanation also suggests the po 
bility that STAT! may be a target of IKKe 

To determine whether IKKe acts directly on 
STATI. we cartiod out in vitro phosphorylation 
studies with recombinant IKK. Mass spectrom 
tty analyses revealed that IKKe phosphorylates, 
Ser™ (S708), S744, and S747 (fig. STA). To 
determine the function of these serine residues, 
Wwe created STATI mutants and transfected them 

10 Sut! ™ EFS Transfected cells were 
with IEN and assayed for ISGE3 binding (F 
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Dand E), The substitution of S708 with alanine 
(S7ORA) dramatically decreased ISGF3 bind- 
ing to the IKKe-dependent Adar ISRE but 
not to the IKKe-independent Irf7 ISRE, as de- 
termined by both ChIP and EMSA experi- 
‘ments, In contrast, the binding of ISGF3 wo both 
ISREs was unaffected by a C-terminal deletion 
of STATI that removed serine residues 744 and 
747 (AS74747). 

Examination of the thiee-dimensional struc~ 
ture of STATI predicts that phosphorylation of 
S708 would favor the formation of STATI- 
STAT2 heterodimers, rather than STAT! homo- 
dimers (17). Heterodimer formation is necessary 
for the assembly of ISGF3 because STAT2 is 
thought to tether STAT! and IRF9 to the ISRE 
(U8), ISGE3 binds 10 adjacent GAAA. repeats 
ecognial by STATI and IRF9, respectively, on 
complementary major ane! minor groves. STAT 
in tur, contacts both proteins while m 
tional Contacts with sequences upstream fi 
GAAA repeats (fig. S7B) (4, 11, 17, 19), Come 
putational analyses of the DNA sequences of 
IkKe-dependent and -independent ISREs ide 
f¥ a purinerich region upstream of the IK 
independent ISRES. This purine tract could serve 
as an additional STAT2 binding site, permitting 
specific contacts with DNA. In the absence 
this purinesich sequ 


require a more stable inter 
action, which in turn may require the phospho- 
ylation of STATI S708 by IKKe. Although the 


structural consequences. of this phosphorylation 


= + ENG 
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Fig. 4. Ikke is activated by IFN and 
determines ISGF3 binding specificity. 
(A) lFNj-teated whole cell extract 
from ikbke* EFs, transfected with hu- 
rman Ikke WT or K38A, were immu- 
noblotted with IKKe phosphospecific 
T5O1, IkKe, oF [actin (B) rIFNS- 
stimulated EFs were analyzed by EMSA 
using Adar] and If7ISREs. (C)rIEN 
stimulated EFs were crosslinked and 
assayed by ChIP assay. (0) IFN 
stimulated cell extracts from Stati 
Fs transfected with STATI WT, S7OBA, 
4744747, othe double mutant (AS) 
were analyzed by EMSA using Adart 
and (f7 ISREs. (E) Stat EFS treated 
2 in (0) were crosrlinked and as 
sayed by ChIP assay. 
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remain to be determined, the function of IKKe in 
type [IFN signaling is to guide the transcrip- 
tional machinery to a subset of ISGs required for 
a direct antiviral response. By contrast, the IKKe- 
independent genes may function primarily in 
regulating the IFN signaling machinery, which 
is required for the integration of innate and 
adaptive immune systems. These results empha 
size the importance of the interplay between 
focal and. systemwide antiviral mechanissns. 
en when the systemwide antiviral response 
is intact, defects in the local response lead to an 
increase in viral load, ultimately overwhelming 
the immune defenses 
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LRP6 Mutation in a Family with 
Early Coronary Disease and 
Metabolic Risk Factors 


‘Arya Mani,!* Jayaram Radhakrishnan, He Wang,” Alaleh Mani, Mohammad-Ali Mani,* 
Carol Nelson-Williams,? Khary S. Carew,? Shrikant Mane,” Hossein Najmabadi,” 


Dan Wu,? Richard P. Lifton** 


Coronary artery disease (CAD) is the leading cause of death worldwide and is commonly caused by 
a constellation of risk factors called the metabolic syndrome. We characterized a family with 
autosomal dominant early CAD, features of the metabolic syndrome (hyperlipidemia, hypertension, 
‘and diabetes), and osteoporosis. These traits showed genetic linkage to a short segment of 
chromosome 12p, in which we identified a missense mutation in LRP6, which encodes a co-receptor 
in the Wnt signaling pathway. The mutation, which substitutes cysteine for arginine at a highly 


conserved residue of an epidermal growth factor~ 


ike domain, impairs Wnt signating in vitro. These 


results link a single gene defect in Wnt signaling to CAD and multiple cardiovascular risk factors. 


oronary artery disease (CAD) due to 
( herosclerosis results in myocardial in- 

farction (MI) and is the leading cause of 
death worldwide (). Epidemiologic studies and 
clinical intervention trials have established the key 
roles of specific risk factors for CAD, including 
hypertension, high low-density lipo 
protein (LDL) cholesterol, high triglycerides, low 
high-density lipoprotein (HDL) cholesterol, and 
dlabetes mellitus (2-4)- Surprisingly. many ofthese 
Fisk factors cluster with one another more often 
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than expected by chance (5, 6). This metabolic 
syndrome is recognized to be a common cause of 
CAD; however, the molecular mechanistns that 
Unify their association have been obscure 
The marked increase in risk of carly cartio- 
‘vascular mortality to a second monazyzotic twin 
When the first has did from early CAD provides 
evidence for a strong genetic eflect and supports 
investigation of families with early discase (7). 
Such studies have the capacity to identify genes 
and pathways whose altered functice impart lange 
effects on CAD outcome: these may provide 
insight into basic mechanisms that are also 
involved in common forms of disease and. that 
may be manipulated for health benefit 
From a screen of patients and families. with 
"AD, we identified one extreme outlier kindred 
\ith an extraordinary prevalence of early CAD. 
Kindred CAD-100 is of Iranian ancestry, as- 
certained via Subject 117 (table SI), who pre 
sented with MI at age 48. CAD risk factors 
included hypertension, hyperlipidemia, and dia- 
betes mellitus; he had never smoked and his 


boxy mass index (BMI) was 24. Evaluation 
revealed critical stenosis ofall three major coro- 
nary arteries, which led to coronary anery by 
pass grafting, His course wats complicated by 
Progressive atherosclerosis of the grafts and in- 
temal carotid arteries, At age 42, he suffered 
Jow-impact hip facture and was found to have 
‘ery low bone mineral density of unknown cause 
score of -3.4 at the femoral neck of his intact 
hip). He died from a stroke at age 72 

‘Amang $8 blood relatives ofthe index ease, 28 
‘were diagnosed with early CAD (MI, angina, or 
saxden cardiac death) at o¢ before age $0 (men) ar 
$5 (wornen) (Fig, 1). OF these, 23 have died fom 
CAD (mean age of death, $2 yeas), In contrast, 
{kindred members without early CAD died at a mean 
sage of S81, This familial chistering is noteworthy 
ssiven that early CAD and carly CAD death are 
‘uncommon in the general poputation (8, 

Dasailed clinical data were obtained for all 
awvaibible kindred members, including 13 affected 
with carly CAD, $ five of early CAD at or 
beyond the age threshold of $0 years (inen) and 
$5 (women), and 9 younger asymptomatic 
members (CAD phenotype unknown; mean age 
35 yeas) (lable S1). Cardiac risk fictors before of 
at presentation among affected subjects. wore 
suprisingly homogencous, including high fasting 
LDL cholesterol in all (mean 1764 mg/dl, nb 
130 mgdl, high fasting triglycerides. in 90% 
(ncan 240 mgidl, nl < 150 mid, marked! 
hypertension in all (mean 175/103 mm Hg, nl < 
14090, typically diagnose! aller age 40), and 
type Il diabetes mellitus in 77% (fasting. blood 
slucose > 126 mwdl; typically 
hypertension and hyperlipidemia). Despi 
triglycerides, HIDL levels were normal in all, and 
nly one had a history of smoking. Nearly all of 
affected subjects met criteria of the NIH 
National Cholesterol Education Program for 
imetbolic syndrome based on the prsence of 
sabetes high triglycerides, and hypertension (/0). 
Although obesity is strongly associated with 
‘metabolic syndrome and each of these risk f 
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it is noteworthy that obesity is absent among 
affected subjects (mean BMI 24.6, none greater 
than 26), In contrast to these affected subjects, the 
five unaffected family members all had normal 
levels of blood pressure (mean 11681 mm Hs), 
LDL cholesicrol (mean 978 my), and w- 
rides (mean 60.75 mgidl), and type 2 
diabetes. mellitus was absent. Finally, among 
younger subjects with CAD phenotype un- 
known, all nine had bi 
had high ride levels, whereas hyper 


tension and glucose intolerance were less fre- 
quent (table SI). 

The marked chstering of early CAD and risk 
factors in this kindred suggests a strong genetic 
‘component. Among sibshis in which all subjects 
are beyond the age threshok! for onset of CAD, 
the offspring of single aflected parents yielded 17 
affocted and 1S unaffected subjects, and male-to- 
male transmission is present; in addition, the 
union of two affected first cousins yielded six 
affected and one unaflccted offspring. Similarly, 


REPO! 


LDL levels are strongly bimodal in the kindred, 
‘with all members having cither high levels (157 t0 
195 med} oF low levels (92 to 105 mgd), and 
these levels coseereyate with early CAD. This ex- 
treme famifal clustering and segregation of pheno- 
types within the kindred is unlikely to be explained 
bby chance or mulifactorial determination and pro- 
vides strong evidence that early CAD is transmitted 
as ahighly penetrant autosomal dominant tat, 
Nineteen family: members w 
for yenetic studies, includi 
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Fig. 1. Relationships of members of kindred CAD-100 are shown. The 
index case is indicated by the arrow. Numbered individuals correspond to 
those in table S1. Individuals with early CAD are indicated by black 
symbols; individuals without CAD who are beyond age 50 (men) or 55 
(women) are shown as unfilled symbols; and individuals who are without 
symptomatic CAD, are below these ages, and have high LDL levels (range 
157 to 192) are shown as half-black, half-gray symbols. Individuals who 
were not studied are indicated by symbols with dots. Circles represent 
females; squares represent males. Symbols with a slash through them 
indicate deceased subjects. Genotypes of informative microsatellite and 


wadeds 


A laa 
2 
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‘SNP markers are shown in their chromosomal order below the symbol for 
‘each individual and their distance in centimorgans and megabases from 
12pter is indicated. Segments of the haplotype seen in the index case 
which segregate with CAD andlor high LDL levels are indicated by shaded 
boxes. The presence of the wildtype LRP6 or LRP6peaac mutation is 
indicated by a plus sign or a red asterisk, respectively. Subjects IN-6, II-7, 
and M8 are offspring of a homozygous mutation carrier and hence 
obligate mutation carriers; subjects M3, Ml-4, and Il-S are also 
statistically likely to be offspring of a homozygous carrier. This explains 
the high proportion of mutation carriers in generation Il. 
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CAD, five unaffected subjects 
CAD phenotype unknown due to young 
A genome-wide analysis of linkage was per 
formed using Affymetrix 10K Gene Chips. We 
analyzed linkage using all. single-nucleotide 
polymorphisms (SNPS) by applying two pre 
specified models of the trait locus a consery= 
ative model that specified 90% penetrance, 1% 
phenocopies, and discase allele frequency of 
0,001 and a stringent model that specified 99% 
penetrance, 0.1% ph id allele fe 
queney of 0.0001 (77). Results under both mex 
els demonstrated significant evidence of link 


snent of chromosome 12p, and no other 
interval yielded a logarithm (base 10) of the 
odds ratio (lod score) greater than 1.5, Under 
the stringent model, the maximum multipoint 
lod score was 4.4 for linkage of CAD within 
the 2.7-eM interval flanked by loci 32213177 
and 15747726 (Figs. 1 and 2A; odds ratio 
25,000:1 in fivor of linkage), Results of linkage 
Under the conservative model were similar 
Linkage was confined by genotyping 11 highly 
polymorphic di- and tetranucleotide repeat 
markers this interval of 12p (Fig. 1), and. vir 
tually indistinguishable results were obtained 
\when all markers were combined in the analysis, 
The observed lod scores approximate the theo- 


* HURL 


® 


cM from 12pter 


Fig. 2. Mutation in LRP6 cosegregates with early CAD and high LDL. (A) 
‘Multipoint lod scores for linkage of early CAD and high LDL cholesterol to 
112p. Multipoint lod scores for linkage of early CAD (olid line) or high LOL 
cholesterol (dashed line) to proximal 12p are shown under the stringent 
model of the trait locus (27). Lod scores were calculated with the use of all 
chromosome 12 SNP data from Affymetrix 10K chips (27). SNPs tightly linked 
to the location of the maximum lod score are indicated and the location of 
LRP6 is shown. The lod score peak occurs at zero recombination with marker 
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retical maximum under the specified models. It 
is worth noting that the index case, who was the 


disease-causing 
mutation, i" 

The lod-l interval spans only 750,000 base 
pairs and contains only six annotated genes: 
ETV6, BCL2LI, LRP6, MANSC1, LOHIZCRI, 
and DUSPI6 (fig. SI), Among these, LRP6 
(LDL receptor related protcin 6) is noteworthy 
LAPS and its clase paralog LRPS serve as co- 
receptors with fizzled protcins (members of the 
G protein-coupled receptor family) for Wat 
nds (2). Mice deficient for LRPS develop 
hypercholesterolemia and impaired glucose 
diet U3), and LDL 
levels are markedly increased on the apo- 
Tipoprotcin E-deficiemt background (14). In 
addition, deficiency for either LRPS (in the 
human and mouse) or LRP6 (in the mouse) 
results in carly severe ostcopomsis (/5, 16), 
This fatter observation recalls the unexplained 
‘osteoporasis of the index case. Evaluation of 
kindred members identified two additional 
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human LRPS 
‘chimp LRPG 

‘thesus macaque LRP 
mouse LRPS 
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cow LRPS 
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bone density was nonnal in the one unaflected 
subject studied (table $1), 

‘These findings motivated further evaluation of 
LRP6, Direct sequencing of all exons and inton- 
exon boundaries of LRP6 in the index case 
revealed a single variant, a homozyyous mutation 
that intreduces a missense substitution, ROLIC 
(Fig. 2B), R61 fies in an epidermal growth factor 
(EGF) like domain (fig. $2) and is conserved 
among LRP6 ecthologs ranging fiom Xenopus to 
human (Fig 2Cy, it is also found in mammalian 
LRPS, LRP2, and LRP3. This mutation precisely 
cosegregated with early CAD in the kindred, was. 
absent among 400 unrelated Iranian and 3600 
US. Caucasian control chromosomes, and is pre 
dicted to be deleterious by the PolyPhen and 
Sift programs, Sequencing of the other five 
nes in the lod-1 interval identified no other 
missense or splice site mutations, 

We next considered the impact of this imu 
tation on CAD risk factors. Analysis revealed 
compkte linkage of LAPH gsc and high LDL, 
with a lod score of $5 (Fig, 2A, odds of 
6,000:1 in favor of linkage). The difference in 
mean LDL kvels between m 
icant (170 
6© 0% 
high LDL levels are found 


jon carriers and 
12 mwéll versus 
Table 1), Because 
all mutation carters, 
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13958812 and the lod-1 interval spans 2.7 «Mt for both traits. (B) The DNA 
sequence of a segment of LRP6 exon 9 is shown from an unaffected kindred 
member (left, a heterozygous mutation carrier (middle), and the homozygous 
index case (right. A single base substitution (asters) changes the wildtype 
‘ftidine to thymidine leading to substitution of cysteine for arginine at codon 
611. (CA portion of the amino acid sequence ofthe second EGF-lke domain 
‘of LRPS i shown from diverse vertebrate species. This segment is highly 
conserved and arginine is completely conserved from Xenopus to human, 
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Table 1. Comparison of phenotypes in carriers and noncarriers of LAPasszc. Means + standard 


deviation are shown for quantitative traits. All 


kindred members with measured values were 


included for LDL, triglyceride, HDL, and BMI measurements. For blood pressure, fasting blood 
‘glucose, and diabetes, results for subjects over age 40 are shown. 


Trait URPrsnic carriers Noncarriers P value 
LDL (mg/d) 0212 325 6x10" 
Triglycerides (mg/d) 209 = 72 68 =20 1x 10% 
HOL (maid) 5728 5627 04 

BMI (kg/m?) 243 +26 2a = 16 013 
‘Systolic BP (mmHg) 168 = 21 1625 8x10 
Diastolic BP (mmHg) 100 = 14 8127 0.0025 
Fasting blood glucose (mg/dl) 159 = 43 8023 0.001 
Diabetes (yes/no) 14 Os 0.005 


less of age, this trait can serve as a bio- 
marker of the mutation in subjects too young 10 
manifest CAD, Similarly, LRP6peinc. imparts 
significant effects on triglyceride levels, blood 
presure, fasting blood glucose, and prevalence of 
diabetes (Table 1). No. significant fleets were 
seen on HIDL levels or body mass index, Finally, 
all five mutation carriers studied have Tow bone 
densities, each with 
oF the 

‘The fine fcance ofthis LPO muta 
tion was explored by expression in NIN3T3 xls 
(17) (Fig. 3). In these cells, expression of LRPO 
potentiates Wht signaling, assayed as LEF-1 
mediated expression of luciferase. Inthe ab- 
sence of added Wnt 3a, LRP Gari showed a 
49% reduction of induced signaling compared 
With that of wikltype LRP6 (P< 0.01). The 
addition of low doses of Wnt 3a also showed 
markedly reduced signaling with LRP6genic 
(42% reduction, P< 10%), At high doses of 
Wat 3a, however, Wnt signaling through 
LRP6pe1n¢ does not differ significantly fom 
that of the wild type (P= 0.48), Measurement of 
total LRPG expression by Western blotting and 
cell surface expression measured by specific 
binding to Dkk-1 demonstrate similar levels of 
wwikbtype and mutant LRP6 (fig. S3, A and B). 
These findings are consistent with an impaired 
biochemical function of LRPGx«c: 

Out Findings establish a causal link between 
LRP6 mutation and early CAD with high LDL, 
high triglycerides, hypertension, diabetes, and 
Jow bone density. The evidence includes strong 
«priori eviden jon of the disease as 
4an_ autosomal dominant trait in this. kindra, 
linkage of this trait and underlying risk factors 
toa single small genomic interval, identification 
‘of a single rare mutation in the linked interval 
that alters a highly conserved amino acid, bio- 
chemical evidence that the mutation impairs 
function of the encoded protein, and evidenc 
from mouse models that mutations in orthologs 
and paralogs of the identified zene confer sim- 
ilar effects om risk factors. We anticipate thatthe 
mutation we identified is very rane in the pop 
ulation; to date we have found mo other sus 
‘gestive mutations in LR?6 among 400 unrelated 
subjects with CAD. Nonetheless, as for other 


Mendelian fons of important medical traits 
including candiovascular risk factors, neuro- 
degenerative discases, and pain perception, 
among many others (/8-20)-~the findings from 
this rare kindred may provide key insight into 
pathways that cause disease and that may be 
manipulated for health benefit. These findings 
motivate further investigation genes and 
activity of this pathway to search for inherited or 
acquired variation in Wnt signaling in common 
forms of CAD and metabolic syndrome 

‘The impact of the LRP6 mutation on rulipke 
CAD isk factors is notable, Most mutation 
carriers over age 45 meet criteris for the mete 
bolic syndrome. Akhough the observed effects on 
these risk fictors are substantial they are not 
individually as lag: as these seen with many 
previously defined Mendelian tris. For example, 
the mean LDL levels among LRP mutation 


carers are 170 mgidl, venus a mean level of 


about 300 mgiil among carers of heterezygous 
Jossof-finetion mutations inthe LDL receptor 
(2), Similarly, the hypertension and diabetes in 
this family typically appear in middle age, at ayes 
that could easily be mistaken for “garden varity” 
forms of thee risk factors. These observations 
suggest that it is the combined effets ofthese risk 
factors that account for the very high cardio- 
‘vascular risk 10 mutation carers 

Because loss-of-function mutations in LRPS 
(12, 13) and LRP6 (16) result in reduced bone 
density, the osteoporosis among LRP age 
riers lends further support to the functional 
cance of this mutation, Morcover, recent 
epidemiologic studies have found strong associ- 
ation of osteoporusis and CAD (22), Our obser 
Vations suggest that ostcoporesis and CAD can 
bbe pleiotropic consequences of impaired Wit 
signaling, raising the question of whether the 
co-occurrence of ostcoporosis and CAD might 
‘commonly identify individuals with inberited or 
acquired impairment in Wnt signaling. 

Our findings underscore emenging evidence 
implicating effects of altered Wat signaling on 
canfiovascular risk factors. Common. intronic 
variants in the Wat-responsive transcription fc 
lor TCF7L2 result in ahcred insulin secretion and 
type II diabetes mellitus (23), Similarly, rare 
mutations. in other Wnt-related transcription 
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Fig. 3. LRPGperac impairs Wat signaling, NIH3T3 
cells were transfected with plasmids encoding wild- 
‘ype WT or mutant hemagglutinin tagged LRP6 
and Wnt reporter genes and incubated with indicated 
concentrations of purified Wnt 3a protein followed 
‘by an assay of Wnt signaling (LEF-1-dependent 
‘expression of luciferase) 27). The results are shown 
as mean and standard error of the mean of 
‘quadruplicate experiments. RLU, relative light unis, 


factors cause maturity onset diabetes of youth 
(24, 25), The LRPravye mutation confers effects 
ot only on many risk factors but on CAD 


aitcomes as well, The ubiquitous expression of 


LRP6 (26) supports the possibility of pleiotropic 


elects in diverse tissues. Further investigation of | 


‘Wit signaling in patients with early CAD, meta- 
bolic syndrome, and its components may provide 
‘now insight into disease pathophysiology and 
approaches to prevention of these disorders, 
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Emulating Membrane Protein 
Evolution by Rational Design 


‘Susanna Seppala,”* Erik Granseth,’? Gunnar von Heijne™+ 


Mikaela Rapp,’ 


How do integral membrane proteins evolve in size and complexity? Using the small multidrug 
resistance protein EmrE from Escherichia coli as a model, we experimentally demonstrated that the 
‘evolution of membrane proteins composed of two homologous but oppositely oriented domains 
‘can occur in a small number of steps: An original dual-topology protein evolves, through a gene- 
duplication event, to a heterodimer formed by two oppositely oriented monomers. This simple 
‘evolutionary pathway can explain the frequent occurrence of membrane proteins with an internal 
pseudo-two-fold symmetry axis in the plane of the membrane. 


‘embrane protein evolution is offen ac- 
‘complished by gene-luplication and 
ene-fusion events (I), and high- 


resolution membrane protein structures have dis- 
‘closed an unanticipated number of cases where 
homologous N- and Ctemninal domains are 
related by an approsimate two-fold symmetry 
axis either perpendicular to or in the plane of the 
membrane, In the former ease. each domain has 
aan even number of transmembrane helices ant 
the two domains are oriented parallel 1 each 
‘other in the membrane, whereas in the latter ease 
each domain has an odd number of transmem- 
borane helices andthe two dontains are antiparallel 
Representative examples of membrane proteins 
\with parallel domains ane Li GipT (3), 
the Savi866 ABC transporter (1), AcrB (3), 
EmrD (6), and the ADP/ATP carrer (7); among 
membrane proteins with antiparallel domains are 
Leu (8), SeeY (9), BtuCD (10), AQPI (1). Gp 
(12) AmB (13), the CIC HCL exchange 
transporter (74), andl NA. (15). 

A particularly notable mode of gene 
duplication-based_ membrane protein evolution 
\was suggested recently by an analysis of proteins 
in the small multdrug-resistance (SMR) fanily 
(16). The beststudied SMR protein is Eine from 
E, coli, an inner-membrane drug-efllux. pump 


topology is largely govemed by the positive- 
inside rule (23)—ie., oops rich in Lys and Arg 
residues tend to orient toward the cytoplasm, 


A 


Normalized GFP activity 


Ww 


En has only a weak K*R bias (24), as would 
be expected fora dual-topology protein, and itis 
cncoded by a singleton gene with no homologous 
genes nearby on the chromasome. In contrast, 
many genes encoding SMR proteins, in both 
E coli and other bacteria, appear as pais on the 
chromosome, and the two encoded pron have 
large but opposite KR biases and therefore likely 
insert into the membrane with opposite orienta- 
tons (/6). These findings immediately suggest an 
evolutionary scenario in which a sing 
roading 4 duadopoloay pote wipes 4 
gone duplication, aller which the two resulting 
Froicins become fixed in opposite orientations by 
evolving opposite K*R bitses. Possibly, oppo 
sitely oriented proteins occasionally mutate bck 
to a dual topology (25). In a fi 
‘oppositely oriented proteins may fuse in 
polypeptide that folds into an antiparallel structure 


te 


Wo 


\with four transmembrane helices. Emr likely has ° 
4 dual topology with identical copies of the pro- 
tein forming an antiparallel homodimer (or higher 
oligomer) composed of Nyy ANKE Now-Coae 
monomers (/6-20), although some data suggest 
parallel NgrC dimer (27,22) Membrane protein 


os 1 


1s 2 25 3 


Normalized PhoA activity 


Fig. 1. (A) Conversion of the wild-type (wt) dual-topology protein EmrE to two oppositely oriented 
proteins, EmrE(C,,) and EmrE(Coy). Black circles indicate positively charged residues present in 
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wild-type Emre; white circles indicate positively charged residues added by mutagenesis. The 
mutations in EmrE(Cq) are R29G, R825, and S107K, and the mutations in EmrE(Coy) are T2BR, 
LESR, and R106A. (B) PhoA activities and GFP fluorescence levels for C-terminal PhoA and GFP 
fusions to the indicated EmrE mutants [normalized against the median PhoA activity or GFP 
fluorescence of a large set of E.coli inner-membrane protein PhoA and GFP fusions (26)]. High 
PhoA activity and low GFP fluorescence indicate periplasmic localization of the C terminus, 
whereas low PhoA activity and high GFP fluorescence indicate a cytoplasmic localization. Error bars 
show standard errors in the mean value determinations. 
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with a pseudo-two-fold symmetry axis in the 
plane of the membrane (6). 

EnrE provides an ideal ease to test this evo- 
lutionary scenario. According to the dual-opology 
model, two oppositely oriented Emr monomers 
form the active hemodimer. We reasoned that 
‘mutants of Emr designed to insert into the inner 
membrane with a unique NirCy OF Nou-Coue 
forientation should therefore ‘be nonfunctional 
when expressed alone but should complement 
‘each other when coexpressed, hence emulatin 
the proposed yene-luplication and. topolog 
evolution steps. In contrast, should the active 
protein be a parallel homodimer, as has been sug- 
szested (27), molecules With NirCin a0 Nou 
forientations would not be expected to com 
plement cach other. Further mutation of function- 
ally important residues in the Nig-Cin OF Now-Caut 
Iutant might allow the design of active hetero 
dimers incorporating single-site mutations. that 
\wouk! inactivate wiklaype homedtimeric Emre, 
reflecting wider scope for evolutionary fine- 
tuning of oppositely oriented heterodimers as com- 
pared with dualtopology homo 

To push EinrE toward the Nar ad Nog 
‘Caw orientations, we manipulated the KR bias 
(Fig. 1A), The orientation in the inner membrane 
‘of the various EmirE mutants was probed by m 
ing. C-terminal fusions to the topology reporters 
uxreen fluorescent protein (GFP) and alkaline 
Phosphatase (PhoA) (26). The diferent fusion 
‘constructs all express to similar levels (fig. SLA). 
and the GEP and Pho“ activities show that con- 
siruet EmrE(Cy) indoed has ant NC topology, 
Whereas construct EmrEtCqg) adopts the oppesite 
‘orientation (Fig. 1B). 

Expression of Emr makes & coli resistant 
high levels of ethidium bromide (EXBr) and other 
cationic hydrophobic drugs (27). We found that 
cells expressing wikl-type EmrE (that was: not 
fused w GEP oF PhoA) grow well in 0.25 mM 
Ete (Fig. 2A and fig. SUB), whereas cells trans: 
formed with empty vector do not (see fig. S2 for 
urovth at different concentrations of EtBrand fig 
3 for growth curves in 0.25 mM BiB). The ex- 
pression of EmrE (Cy) and EinirE(Cy) individ 
ally (in single or double copy) does not confer 
to EtBr. Notably, however, coexpres- 
0 of EmrE(Cy) and Emre (Cgg) restores EiBr 
resistance to the same level as seen with wild 


The EtBr-resistance levels conferred by ex- 
n of the mutants that are intermediate 


Iso consistent wit the proposed 
evolutionary scenario (Fig. 2A). For cells ex 
pressing the 10 intermediates on the way to 
En (Cou) Emr E(L"S—R") thereafter, L85R) 
and EmrE(L8SR, RIO6A)—the growth rate 
drops with the number of mutations. as ex- 
pected. For cells expressing the intermediates 
fon the way to EmrE(Cq)—EmrE(R29G) and 
EmrE(R29G, R82S)—the growth rate remains 


close to that of wild-type EmrE and only with 
the addition of the final mutation (S107K) in 
EmrE(Caq) docs the growth rate drop to near 
zero, mirroring the GEP/PhoA fusion protein 
rsulls that indicate a mixed orientation of both 
intermediates 

Although these results are in full agreement 
with the proposed dual topology of wikltype 
EnwE, taking the activities ofthe wildaype Emre 


As 


REPORTS. [ 


GEP and Pho fasions at face value suggests that 
these fusions have a predominantly NowCast 
orientation (Fig. 1B). This prompted us to 
‘measure growth rates in the presence of EtBr also 
for cells expressing the GFP-repomer fusions. In 
contrast tthe results for the nonfsed constructs, 
cells expressing wild-type EmrE-GFP grow less 
Well in E1Br than do cells expressing the Cig ine 
termediates EmrE(R29G)-GEP and EmrE{R29C 
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Fig. 2. (A) Optical density at 600 nm (ODsoo) after 4 hours of growth in 0.25 mM EtBr of cells 
‘expressing the indicated Emr mutants (not fused to GFP or PhoA), See Fig. 1 for color code. Green 
bar, coexpressed EmrE(Ca) + EmrE(Cou). The dashed line indicates the ODgoo of cells transformed 
with empty pET Duet-1 vector (gray bar). Bars wt(1) and wt(2) show results for wild-type EmrE 
cloned into the first and second multiple-cloning site in the vector. (B) ODgeo after 4 hours of 
‘growth in 0.25 mM EXBr of cells expressing the indicated EmrE-GFP fusions. (C) ODgoo after 4 hours 
‘of growth in 0.25 mM EtBr of cells expressing the indicated Emr mutants (not fused to GFP or 
Phos. In all panels, error bars show standard errors in the mean value determinations. 
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RA2S}-GEP: cells expressing EmrE(Cq+GFP do 
not urow, as expected (Fi : 
intermediates, EmrE(L85R) 
level of E1Br resistance as wild-type EmrE-GEP. 
Whereas cells expressing EmrE(L8SR, RIQ6A} 
GEP grow less well: those expressing Emrf(Cag> 
GEP grow no better than background 

The simplest explanation for these growth 
patterns is that the C-terminal GFP moicty causes 
4 shift toward more Coy orientation, which is 
corrected” by the Cy-promoting mutations 
R29G and RN2S, precisely as indicated by the 
GEP and PhoA activity measurements in Fig. 1B. 
Its not unexpected that C-terminal reporter fie 
sions, although normally highly reliable indicators 
‘of C-terminal orientation (28), can have a subtle 
eflect on the orientation of finely balanced dal 
topology proteins, Indeal, the same reasoning 
mightals explain the predominant Cj, orientation 
seen for an EmrE-Mye-Hisy construct with 
rexluced in vivo activity (22), in which positively 
changed His and Ly’sresidues inthe C-terminal ta 
may favor the Cq topology but Keave enough Cour 
‘oriented protein to confer certain degree of ding 
resistance, 

‘A small number of residues ane conserved 
throughout the SMR family. To test whether such 
residues are required in. both or only in one 
subunit of the dimer, we focused on Glo! in 
Env, a residue intimately involved in the proton 
riven extrusion of substrate from the ell (29. 
Glu" is totally conserved in all SMR. proteins 
With low KR bias, but is replaced by Asp in a 
small number of Nay-Cigu homologs that presum- 
ably’ form active hetomdimers (tig. $4). Indeed, 
cells eoexpressing constructs EmrE(Cay¢EL4D) 
and EmrE(Cq) grow in EtBr at the same rate as 
cells expressing wikltype Emre (Fig. 2C and 
figs. S2 and 83), Cells coexpressing the alternate 
combination EmrE(Cog) and. EmeE(CgEL4D) 


are also EtBr resistant but grow more slowly than 
‘the first combination, possibly explaining why 
Asp'* has so far only becn found in Now-Cour 
‘oriented EmrE homologs. As seen forthe homno- 
dimeric EmrE(E14D) mutant (29), cells cocx- 
pressing Emrk(Cy/EI4D) and EmrF(Cag@E!4D) 
‘do not grow in EtBr. Thus, Glu! can be replaced 
‘by Asp in one but not in both monomers in the 
EnwE dimer. Mutations in the EmrE(Cyy) oF 
Emr£(Gq) monomers that donot conserve the 
negative charge at residue 14 (E14Q and El4C) 
‘do not support growth in EtBr when coexpressed 
with either Emr£(C,) or Emr E( Coa). 

‘Our results show that an evolutionary path 
connecting a duatopology protein 1 a pair of 
‘oppositely oriented homologs can be emulated by 
rational protein design based on the positive- 
inside rule, and that once a heterodimer of op- 
Positely oriented subunits has appeared, additional 
mutations that render the original dual-opology 
protein nonfunctional can be selected in one of the 
two monomers. With such a wadily accessible 
evolutionary pathway available, it is no sumprise 
that many membrane protcins show signs of 
internal duplication and approximate 1wo-fold 
in-plane symmetry in their three-dimensional 
structures, 
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Local Interactions Select for 
Lower Pathogen Infectivity 


‘Michael Boots* and Michael Mealor 


Theory suggests that the current rapid increase in connectivity and consequential changes in the 
structure of human, agricultural, and wildlife populations may select for parasite strains with 
higher infectivity, We carried out a test of this spatial theory by experimentally altering individual 
host movement rates in a model host/pathogen system by altering the viscosity of their 
environment. In our microevolutionary selection experiments, the infectivity of the virus was, as 
predicted by the theory, reduced in the most viscous populations. We therefore provide empirical 
‘support for the theory that population structure affects the evolution of infectious organisms. 


cause of the importance of the evolution 
Boies 2 pass 

‘agricultural, and wildlife systems, there is 
a wellleveloped theory that focuses. on how 
transmission and increased mortality due to in- 
fection (virulence) may evolve (J 4), The classic 
theory of parasite evolution shows that natural 


selection will act to maximize the epidemiological 
basic reproductive number Rg: the number of 
secondary infections resulting from one infected 
host in a naive host population (/--4). Charly, 
[parasite transmission acts to increase Ro, whereas 
vinulence acts 10 decrease it by reducing the 
infectious period. One component of transmission 


that may evolve in the parasites the probability of 
successfilly infecting a susceptible host upon 
contact (infectivity). In the absenee of constraints 
en selection, we would predict that the parasite 
‘would evolve maximal infectivity and zero vin 
Fence (J-4), This classic theory makes the 
assumption that the host populations. are hoo 
gencously mixed, and therefore each susceptible 
host has an equal probability of being infected by 
any infectious individual within the population, 
However, many natural host/ptrasite systems can 
te characterized by both localized transmission, 
where secondary infections are more frequent in 
individuals neighboring infected hosts, and patchy 
host distributions. Theory’ that examines the im- 
portance of local interactions (5-9) has predicted 
that spatial structure in host populations can con- 
strain the evolution of parasite infectivity. When 
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interactions are predominantly local highly infec 
tious strains tend to “selfshade.” so that sus- 
ceptible are rapidly exploited locally, causing 
infectious individuals to be surounded by other 
infecteds. In contrast, strains with a lower infec 
tivity produce, as they spread, structure within the 
host population in which there is a higher local 
Proportion of susceptible individuals next to in- 
fected ones. In this way, strains with lower in- 
fectivity gain an advantage as strains with high 
infectivity puy the cost of surounding themselves 
With infccted individuals (5-7), There is thenefone 
an optimal transmission rate that balances: miax- 
imizing infectivity with the maximization of sus- 
ceptible individuals in the vicinity of the infected 
‘ones, Neighboring infected individuals may abe 
tend to be infected by the same stain oF closely 
related strains, and therefore local interactions tend 
to increase competition with offspring and kin, 
Jeading to different evolutionary outcomes /0- 13). 

Up until nowy, the study of parasite evolution 
in spatially structured populations has. pre= 
dominantly beer a theoretical exercise, That 
said, there are some empirical host/parasite 
systems in which differences in spatial stracture 
have been implicated as possible causes of 
differences in parasite characteristics, For exam- 
Se, serial passage experiments frequently result in 
increased parasite virulence (4, 15}. One expl- 
nation for this is that each passage involves 
rising the host population and disrupting any 
spatial restrictions on transmission (3). Also, 
there is some correlative evidence that parasites 
with the capacity for long-distance dispersal 
tend 10 possess a higher virulence than para 
sites transmitted over short distances (/6-18), 
Evolutionary experiments with fagmented pop- 
lations have also shown the importance of spatial 
structure and extinetions to the evolution of 
pathogen fife histories (79). However, we know 
‘of no manipulative evolutionary experiments that 
‘er the spatial structure within host populations 
and examine the evolution of a parasite. Here we 
present the results of a microevolutionary selec 
tion experiment in which the infectivity of an 
insect larval vinus was examined in replicated host 
microcosms having environments with different 
Viscosities. The susceptible host individuals lived 
\within their food medium, and therefore the more 
Viscous environments led to lower individual 
movement mates and, asa consequence, more local 
interactions. We show that, as predicted by the 


spatial theory. infectivity was indced reduced inthe 
more viscous populations, where there were more 
local interactions and localized transmissions, 
Larvae of the phycitid moth species Plodia 
‘interpunctella(Ploxia) are infected with a species- 


anulosis vinus (PiGV). The virus per- 
microcosms with Plodia and usually has 
minor effects on the host population dynamics 
(20-22), Natural infection occurs orally, with the 
cannibalism of PiGV-infected host cadavers being 
44 major route of infection (23). The susceptible 
larvae live within the food mexlium, and therefore 
the movement of the kuvae can be altered by 


using food mediums of different viscosities. This 
in tum changes the spatial structure of host 
Parasite populations, with the high mobility in 
soft mediums allowing greater larval mixing as 
individuals disperse across a larger part of their 
{otal environment, In contrast, larvae with lower 
movement will tend to encounter more of the 
‘same ini duals and therefore PIGV transmission, 
will be more localized. We manipulated the vis- 
ccosity of the larval medium as described in the 
methods in the supporting online material (SOM) 
to ereate three levels of food viscosity: sof, in- 
termediate, and hard. We then measured the 
‘movement rates of Plxtia larvae within the three 
food mediums Increasing the viscosity of the 
food caused a significant change in the distance 
that the larvac moved (Fig. 1) [analysis of 
variance (ANOVA) square root(distance) Fx2 = 
$7.6, P< 0.01, Pairwise comparisons reveal that 
movement in soft food was significantly faster 
‘than in both intermediate and hand foox!, whereas 
movemicnt in intermediate food was faster than in 
the hard food (Fig. 1). Our manipulation of the 
foo! medium therefore had the desired effect of | 
Significantly altering the movement rates. How= 
‘ever, our aim was also not to affect the quality of 
the food in any other way. In a scoond set of 
experiments, we showed that the different me- 
dium did not affect the individual performance of 
larvac, in terms of cither development time 


(ANOVA 0.23, P= 0.79) or pupal weight 
(ANOVA Faas "022. P= 080). 


In onder to test the theoretical predictions, we 
carried out microevolutionary laboratory ex- 
Periments in which the virus was maintained in 
‘populations with different spatial structures. Host 


Food viscosity 

Fig. 1. Distance that larvae moved within the 
different food mediums. Increasing the viscosity of 
the food caused a significant change in the 
dispersal distance of the larvae [ANOVA square 
rootidistance) Fez = 57.6, P < 0.01]. Pairwise 
‘comparison reveals that movement in soft food 
(mean + 1 SE = 10.63 + 0.73 cm) was significantly 
{faster than in both intermediate (5.09 + 0.61 cm) 
(t= 6.42, P< 0.00) and hard food (2.8 = 026 cm) 
(t = 1057, P< 0.00), and movement in inter- 
mediate food was faster than in hard food 
3.36, P< 0.01). 


REPORTS. [ 


Parasite microcosms were established (see 
methods in SOM) and maintained on the foods 
of thive different viscosities for 40) weeks (about 
ight host generations). They were then destruc- 
tively sampled, and the infectivity of the extracted 
viral particles was assessed (SOM) by challenging 
Plodia larvae from the original ange outbred stock 
population with virus extracted from each of the 
microcosms, Infectivity is easily determined by 
rwoording the proportion of host individuals that 
show infection afler exposure, because in this 
system there is no recovery fiom this overt infec- 
tion and the infected larvae neither grow nor 
mature. We ean accurately estimate the concen- 
tration of the virus solution with which the in- 
dividuals are challenged and therefore calculate 
the infectivity per vinis particle (SOM), With 
infection occuring though cannibalism of in- 
fected Larvae within the microcosms, large num 
bers vinus particles are likely to be taken up, and 
the risk of infection will be dependent on the 
infectivity of the particles themselves. This may 
contrast with many other systems in which the 
‘number of infective panicles released into the en- 
‘iroment is the major component of transmis 
sion, and therefore productivity is more important 
The theory would predict that reduced movement 
and the consequent inerease in local interactions 
in the population would seket to lower transmis- 
sion itself, and therefore in our system may act on 
individual vinss infectivity 

‘A comparison of the average infectivity of 
single virions within the three food mediums 
revealed a clear fet of foox! medium viscosity 
(Fig. 2) [ANOVA logtinfectivity), Fao = 183, 


Infectivity 
0.0005 0.0010 0.0018 0.0020 0.9008 


Intermediate hard 
Food viscosity 

Fig. 2. Bioassay results indicating the infectiv- 
ity of PiGV taken from Plodia populations fed 
‘on soft, intermediate, and hard food. The mean 
infectivity (calculated by dividing the percentage 
cof mortality within bioassays by the number of 
virions present within the solution) of PiGV from 
soft_ and intermediate populations was 0.00164 
(SE 0.000183) and 0.00185 (+0.000295), 
which were both significantly greater than the 
mean infectivity of 0.000518 (+0.000117) 
from hard food (softhhard coefficient compari- 
son, t = 4.04, P < 0.01; intermediatefhard, t = 
4.37, P< 0.01) [ANOVA log(infectivty), Fay 
11.83, P< 0.01). 
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ORTS 
P< 0.01), From Fig. 2 and from pairwise 
‘contrasts itis clear that the virus in the hant food 
microcosms was selected to become less infective 
than the virus in the other food mediums. We 
therefore have evidence for selection for lower 
infectivity in populations with the lowest move- 
nent rates, The infectivity of the vius inthe soft 
ang! intermediate food types remained atthe level 
‘ofthe original stock vinus (Fig. 2), which suggests 
that although the virus in the hand food was 
selceted for lower infectivity, there was no change 
in either the soft or the intermediate food! me- 
diums, Our soft teatment is the standard food 
medium on which Plodia is routinely maintained 
inthe laboratory and is therefore the environment 
tht the original vias will have experienced. We 
‘would not therefore have expected selection ofthe 
Vinus in the soft food. The lack of response in 
‘the intermediate foox! may simply indicate that the 
selection pressure was not strong enowch in this 
treatment, However, the theoretical work (5) is 
indicative of a nonlinear effect of local interactions 
‘on transmission, and the lick ofa response a the 
intermediate level supports this, Overall we have 
evidence thatthe hard food medium reduced the 
movement of the individual larvae, and the data 
are consistent with the prediction that this change 
n population structure selected the original virus 
{or lower infectivity 

Spatial structure is often modeled with non- 
motile host individuals regularly spaced on a 
lattice and parasite transmission as either com 
ppktely local or completely global (/. 2). Clearly, 
the spatial characteristics of the Pledia popaile 
tions are much more compkex than the simple, 
Coen regula spatial populations that are assumed 
in theoretical models (4-6). However, in our mi 
crocosms, restricting the movement of the larvae 
does lead to more localized transmission. We 
\would argue that the smal number of hosts locally 
available for infection causes sel-shading by the 
more infective strains and favors the evolution of 
lower infectivity (3). The restriction in larval 
movement also forces individuals to remain in 
ayereyations that are initially created in lange part 
by females laying their exes in. batches, Our 
rnuanipulation resulled in some changes in the 


‘population dynamics in the viscous populations 
and may have had other effcets that we have not 
measured. However, we have shown that there 
\was no effect of our manipulation on individual 
Jarvae apart from on their movement. It seems 
Unlikely that genetic drift or bottlenecks can ex- 
plain the results given the size of the total viral 
‘population, Moth population sizes were some- 
What lower in the hard food microcosms, but 
significant numbers of individual larvae were still 
infected (SOM), and we found no evidence of 
‘overall maladaptation in the virus from the hand 
food, with no significant difference in the concen- 
trations of vinwses extracted (SOM), Increased 
local adaptation 10 related host individuals in the 
more viscous populations, Keading 10 increased 
rmaladaptation to the stock host population, is als 
unlikely because host reproduction is global. This 
Fast point emphasizes the fact that our spatial ma- 
‘nipulation is relatively subtle because only the 
aval movement was manipulated while the 
adults still mixed within the populations. We 
would argue that this is therefore a particularly 
important result because it shows that such a rete 
tively subule change in mixing, within otherwise 
highly mixed systems, can lead to measurable 
changes in the evolution of parasites. 

Our study shows how an experimental ap- 
‘proach that changes the dispersal ability of in- 
dividuals allows the empirical manipulation of 
population structures within a homogenous en- 
Vironment, Because spatial structure fs increas 
ingly recognized in theoretical moxlels to be 
crucial to evolutionary outcomes (24), there is a 
‘pressing need for more manipulative experiments 
to test these predictions in other contexts, Given 
‘that most systems have an important spatial em 
‘ponent and that many natural systems are more 
“spatial than the one we used, we would anzue 
‘that even more attention o population structure in 
evolutionary studies is warranted, In tems of 
pathogens, processes (including. globalization) 
‘that increase the connectivity within hast popula- 
tions may alter the selection pressures on infe 
tious onzinisms. As populations become more 
mixed, we might expect that not only will there be 
aan increase in the extent of disease outbreaks, but 


also the potential emergence of more infective 
‘sri of parasites. 
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Stepper Motor Controller 

The PriorPCI2 High Speed Stepper Motor Controller features a new compact (175 mm by 
106 mm) design, standard six-axis contol of XY, focus, and three filter wheels, shutter 
control for three shutters, and a 16-bit analog (0 to 10 V) output for piezo control. Other 
significant upgrades include four transistor-transistor logic (TTL inpuUoutputs for com: 

plete TTL macro control ofall axes. As with the original PriorPCI, the new device features 
encoder inputs for the high-precision stage and focus movements, microstepping resolu 

tion down to.0.01 1m for XY and 0.002 ym for focus, and compatibility with the complete 
line of Prior microscope automation products 


Cell Culture Flasks 

NUNC Cell Culture Flasks are pre-coated with 
either poly-D- lysine or collagen | tosave time and 
increase productivity in cell culture laboratories 
The uniform application ofthe surface treatments 
facilitates reproducible cell culture performance 
boy enhancing cell attachment, growth, and differ 

entiation in serum-free and serum-containing 
media. The Cell Culture Flasks have an angled 
neck to enable easy access to the entire growth 
surface with pipettes or cell scrapers. The neck 
also allows for complete drainage of the fask and 
prevents the contents from splashing into the 
‘neck when stacked horizontally. A unique closure 
system allows for opening and closing the flask by 
‘one-third tum of the cap. 

Thermo Fisher Scientific/NUNC 

For information 800-446-2543 www.nuncbrand.com 


Spectrophotometers 

The Biowave I+ and the Lightwave i+ ultravio: 
{etvisible spectrophotometers feature enhanced 
3 nm bandwidth and the manufacturer's novel 
Gifford optics with no moving parts. The xenon 
source combines high energy output and longer 
{amp life, A large, wide-view graphical display 
and integral menu-driven software make these 
instruments easy to use and provide flash scan 
capability, fixed wavelength, and kinetics and 
concentration measurements, all with flexible 
dala manipulation options. Up to 90 methods 
can be stored. Results can be printed to the 
‘optional printer or exported to a computer via 
USB or Bluetooth. 

WPA For information +44 (0) 1223 873318 
wvpalid.couk 


Gel System 

The E-Gel CloneWell SYBR Safe gels and E-Gel 
iBase Power System, when used together, allow 
‘users to extract DNA bands of interest from gel 
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Prior Scientific For information 800-877-2234 wn prior.com 


without additional purification steps, saving 
time while maximizing the amount of DNA recov: 
ered, The gels feature two rows of wells; samples 
are loaded into the top row and electrophoresis 
carried out until the band of interest moves into 
the bottom row, from which it can be retrieved 
with a pipette. The power system has a built-in 
power supply and fits on the Safe Imager Blue- 
Light Transitluminator so the user can safely 
watch the DNA bands migrate on the gel. DNA 
recovered from CloneWell ges is compatible with 
all common cloning methods 

Invitrogen or information 800-955-6288 

va ivtrogen.com 


‘Mass Spectrome! 

Identification To 

SimGlycan is an innovative glycan mass fin 
erprinting tool that matches mass spectrom 
etty spectra data with its own comprehensive 
fragmentation database to predict the struc- 
ture of glycans. It makes use of a proprietary 
search algorithm and generates a ranked list 
of the most likely glycan structures. It provides 
complete information for each structure, 
including glycan class, reaction, pathway, and 
enzyme, The program is supported on Win 
dows 98/2 000/ME/XP. 

Premier Biosoft International For information 
(650-856-2703 wat PremierBiosot.com 


TIRF Microscope Illuminator 

Anew multicolor, multi-angle illuminator allows 
simultaneous multi-channel laser total internal 
reflectance fluorescence (TIRF) illumination. The 
TIRF illuminator allows up to three discrete laser 
lines to be used simultaneously for illumination, 
each with its own critical angle. In TIRF, the 
light’s angle of incidence dictates how deeply 
the evanescent wave penetrates into tissue, and 
lasers of different wavelengths require varying 


angles to operate at their peak, In comparison 
with other TIRF systems, in which laser light of 
various wavelengths passes through a single 
fiber, necessitating switching lasers and adjust 
ing the critical angle to achieve maximum per 
formance, the Olympus illuminator makes use 
of three separate fibers to maximize results. Iti 
easy to operate because the lasers are adjusted 
jonce, at the beginning of the experiment, and 
do not need to be adjusted again. The illumina 
tor allows more efficient TIRF ratio experiments 
and faster measurement of rapid intracellular 
processes because the only temporal limitation 
fon taking measurements is the 1-millisecond 
time it takes to switch lasers on and off, The ilu 
minator is compatible with a wide variety of 
common gas and diode lasers 

Olympus America For information 800-455-8236 
vewcolympusamerca.com/microscopes 


Literature 

Precision Optical Filters for Fluorescence Micro- 
Scopy isa multi-media CD catalog o fluorescence 
filter sets. It introduces QuantaMax, a line of 
durable, stable, high signal-to-noise sets, as well 
a5 variety of new sets fr fluorescent protein and 
fluorescence resonance energy transfer applica 
tions. These new products complement an exten 
sive selection of dye-specifc filter sets for alsin: 
ale and multi-label microscopy applications. 
Omega Optical For information 802-254-2690 
vwnomegatilters.com 


Neniy offered instrumentation, apparatus, and laboratory 
material intrest to researchers all dsciplines in academic, 
indastial, and government organizations ae featured inthis 
space. Emphasis is given to purpose, chet characteristics, and 
_2eilablty of products and materials. Endorsement by Science 
{AMS of any product or materials metioned snot implied. 
‘Addtional information maybe obtained fem the manufacirer 
«supple by visting womscenc.lbrelactycom on the Web, 
fer you can request thatthe information be sent to you by 
‘email fax, mail ortelephone. 
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Science in Europe 


EUROPE’S BRAIN GAIN 


With major boosts in science funding, Europe hopes to become a 
hot spot of innovative science and technology. By Gunjan Sinha 


glimpse at the numbers and one can understand why Europe's 
scientists migrate toward richer pastures. European countries spend 
far less than the United States and some Asian countries on research 
jand development—widening the innovation gap. Two years ago, the 
EU's statistical office Eurostat showed that government and industry invested 
1,9 percent of gross domestic product (GDP) on research and development in 
2004 significantly less than Japan at 3.18 percent and the United 
States at 2.66 percent, 

The bad news, however, has instigated change. Late last 
year, legislators firmed their commitment to the Lisbon 
strategy of 2000, which set a goal to transform the EU into 
a competitive knowledge-based economy. The European 
Council approved the 7* Framework Programme (FP7)—the 
EU’s chief instrument for funding science and technology 
research from 2007 through 2013. 

FP7 allocates €53 billion (currently €1 = $1.32) over seven 
years to better integrate Europe's fractured research scene—a 
40 percent increase over the previous program. While most money will go to 
applied research projects, FP7 allocates more than €7 billion to another agency 
for which scientists have fought hard: the European Research Council (ERC), an 
agency akin to the US National Science Foundation. Run by scientists, the ERC 
will dole out money solely for basic research, 

FP7 is part of a suite of initiatives intended to spur innovation across Europe 
Not only is the European Parliament offering more money to scientists to 
encourage them to collaborate, individual member countries are also expanding 
their budgets. That means more grant money and fellowships will be available 
to scientists in the near future. 

Biotechnology is also getting a boost. In some countries, new legislation 
is making it easier for European companies to grow. In others, programs that The European Parliament 
teach young scientists how to be entrepreneurs are expanding. The hope is that 
within a decade not only will science drive innovation, but the continent will also has pledged more money for 
become a destination hot spot for the world’s most talented scientists. 


collaborative research projects, 
EU's Push to Compete 


Antonio Rothfuchs knows firsthand the challenges of working as a medical and individual member countries 
scientist in Europe. He earned both his undergraduate and graduate degrees 
at the Karolinska Institutet in Stockholm before landing at the US National are also boosting their budgets. 


Institutes of Health for his postdoc in 2004. 

Rothfuchs wanted to experience working abroad. But many young scientists 
in Sweden face temporary unemployment after finishing their Ph.D.’s 

“In Sweden there is a lot more competition for funds that cover, at best, 
only part of your research costs,” Rothfuchs wrote in an essay published 
in Euroscience News last year. After completing a postdoc, finding financial UPCOMING FEATURES 
Support to set up your own research lab is difficult, he says, even if you have 
finished successfully. In the United States, the odds are greater that a scientist 


Careers in Cancer Research — April 6 


will be able to launch his or her own lab, sometimes with startup money from Careers for Postdoc Scientists: Transferable Careers — April 20, 
a university. Biotech and Pharma — April27 
The problemisn't one of neglect but one ofscale. Sweden, in continued » 
www sciencecareers.org/businessfeatures 1289 


Science in Europe 


fact, leads Europe in R&D spending —the nation spent 
3,74 percent of GDP in 2004. But with only 9 million 
citizens, Sweden is tiny. Consequently grants tend to 
be much smaller. In 2006 the US National Institutes of 
Health had a $28 billion budget —80 times larger than 
that of the Swedish Research Council. 

Rothfuchs's experience is typical of many European 
scientists. And while countries do support young 
scientists or full professors with various special 
grants, junior level scientists face sparse choices. 
Permanent positions or grant money to transition from 
working under a supervisor to independent research 
are scarce~many leave and don't return, 


Europe Boosts Funding and Other Initiatives 
By making more money available on top of what 
governments already offer, the EU's new funding 
scheme hopestoatleastslowtheexitstream. Scientists 
initially criticized FP7 because the proposed budget 
falls €20 billion short of the amount anticipated, The 
budget will, however, increase incrementally. By 2010 
FP7 sets a goal to spend 2.6 percent of the EU's GOP 
‘on R&D projects, By 2013, FP7 calls to raise that value 
to 3 percent. Taxpayers will contribute one-third of the 


- 
» 


“We would prefer 


it if contract 
decisions were 
made based on 
the quality of the 
science and not 
‘on the scientist's 
age or how long 
they've been 


European scientists. Obviously to reach that goal, 
stronger countries will have to make up for weaker 
‘ones. Some countries such as Germany. France, and 
Britain, however, do stand out in this regard. 


Germany 

In 2006 the Deutsche Forschungs Gemeinshaft 
(0FG)—Germany’s primary research funding body — 
increased its budget to €1.6 billion. The nation spent 
2.5 percent of GDP on R&D, a figure comfortably 
above the EU average of 1.9 percent, and the federal 
government pledged to boost R&D spending to 3 
percent of GDP by 2010, 

In 2005 DFG also implemented an initiative to 
encourage German universities to compete for funds. 
Called the Excellence Initiative, it dedicates €1.9 
billion of DFG's budget from 2006 through 2011 
toward programs to raise the international profile of 
German science. These include: up to €1 million per 
year for new graduate schools, €6.5 million yearly 
for each of 30 “excellence clusters” that increase 
cooperation between universities and other research 
centers, and money available to universities that 
develop strategies to boost themselves to world-class 


funds; the rest will come from businesses. working.” status. The federal government covers 75 percent of 
Most grants will go to applied research projects, : ‘ the program and state governments cover the rest. 
which are organized into categories. The largest, ( Birgit Muller) An accompanying “pact for research and innovation" 


“Cooperation,” gets €32.4 billion and addresses 
information and communication technologies, health, and transport. 
The “People” category, which includes the Marie Curie grants for 
young scientists, provides €4.8 billion for training, work abroad, and 
luring expatriates back to Europe. “Capacities” contains some €4.1 
billion for new research infrastructure such as radiation sources, 
data banks, and telescopes. 

The last category, “Ideas,” covers the ERC, a new agency that 
funds basic research. The ERC additionally offers grants to support 
scientists at different career stages. A European postdoc, for 
example, can now apply for a Starting Independent Researcher grant 
to launch his or her own lab. Applicants who are two to eight years, 
postdoctorate are eligible and the grants amount to.up to €2million 
over five years —as many a5 250 of these might be offered each year. 
Grants will also be available to support advanced scientists and are 
not restricted to European scientists. Researchers must, however, 
conduct their research within the EU. 

The ERC “is a great thing,” comments Birgit Miller, a geoscientist 
at Geophysical Institute, University of Karlsruhe in Germany. “In 
‘most grant proposals you have to show the immediate application 
of the research and most grants are for one to three years. In terms 
of basic research, that is very short.” 

But some are skeptical that the EU will achieve its investment 
goals. While some countries such as Sweden and Finland already 
spend more proportionally than the EU average on R&D. others 
such as Bulgaria and Romania spend less than 0.5 percent. “I think 
we will struggle as a union to reach 2.6 percent.” says Tony Mayer. 
governing board member at Euroscience—an agency representing 
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guarantees 3 percent increases for Germany's 
nonuniversity research institutes, including the Max Planck Society, 
through 2010. 

Changes are also under way to support the country’s mid-career 
scientists. Under current regulations, scientists with temporary 
posts at publicly funded institutions can only work a maximum 
of 12 years in the public system. The rules were intended to 
promote mobility. But with so few permanent positions available 
and industry's preference to hire young scientists who are more 
trainable (Germans, who typically do not finish continued » 
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RESEARCH 
PROGRAM LEADERS 


The "Carlos III" Institute of Health (ISC II!) - the 
public body responsible for promoting biomedical 
and health -science research in Spain - has 

positions available for Six Research Directors to 
direct programs in the following key research areas: 


4. Nanomedicine (Ret.:Nano) 
J Epidemiology and Public Healthcare 
(Ref.:EPSP) 

J Infectious Diseases of the Respiratory System 
(Ref.: EISR) 

J Rare Diseases ( Ref.: ER) 

Stem Cell Biology (Ref: BCT) 

Cell Therapy (Ref.:TC) 


Responsibilities 

Include the planning, development and initiation 
of strategic lines of research and the direction and 
Coordinated management of research projects. 


Successful 
candidates 

Will be experienced investigators accustomed to 
taking on scientific challenges, leading teams 
of researchers, and managing resources. 


The ISC II offers 

Jn opportunity to join a prestigious institution 
at a critical stage of its development. 

J Integration into a highly qualified and 
motivated team. 

J Independence in research and management. 
J € 60.000 gross per year 

(basic + performance-related bonus). 

JA human, economic and technical resource 
infrastructure to support the establishment 

of new research teams. 

J Immediate incorporation. 


Requirements 

‘APhD in biomedical discipline. 

‘An outstanding scientific record, with proven 
research experience in at least one of the areas 
indentified above, verified by an excellent record of 
publications in international scientific journals. 

Social skills and experience in strategic 
planning, resource management, leadership 
and research training, 

Excellent communication skills in English, both 
spoken and written, 


Complete terms and conditions of this 
offer and instructions on how to apply 
can be found at www.isciii.es 
Closing date for the applications: 
March 23, 2007. 


Max Planck Institute 
for Neurological @ 
Research aacrance cnsnnascTart 


with Klaus-Joachim-Zulch-Laboratories 
of the Max Planck Society and the Faculty of Medicine 
of the University of Cologne 

Director Prot. Dr. D. Yves von Cramon 


University of Cologne 


Medical Faculty 
Dean Prof. Dr. Joachim Klosterkotter 


The Max-Planck-Institute for 
Neurological Research invites 
applications for 
a Group Leader position 


Selbst 


lige Nachwuchsgruppe 


der Max-Planck-Gesellschaft 
(Independent Junior 
Research Group) 


hand 
‘of Cologne has 
funding for a re 
chwuchsgruppe der 
sellschaft/ Independent Junior 
Group) dedicated (o neurological and oncolo 
reh. While then: is no particular restriction 


Max-Planck: 
Rese 

gical re 
fon the res 
successful 


methods. are 
the Institute: human brain PET and MRT, 
‘T and animal MRT, op 
\liography, electron microscopy, fi 
immunohistochemistry and invasive imaging’ / 
neuromonitoring. In 2007, « combined human 
rain PETMR System will be installed, 


Cologne and its rich scientific environment in. North 
Rhine-Westphalia provide many opportunities of inter 
actions with the University of Cologne and the 
Universities in the region, including the teaching of 
courses, 


The Gn 
fi 


Leader px 
5 with the 


tion and funding is guaranteed 
sibility of extension, 


The Max Planck Society and the University of Colos 
aim (o increase the representation of women and there 

re explicitly encourage applications from female 
scientists. 


De is March 28, 
details and the application  procedu 
www nimpgde/careers, 


please visit 


schooling until their early 30s, are at a disadvantage in this regard), 
mid-level scientists are often left with little choice except to go 
abroad, says Milller. “We would prefer it if contract decisions were 
made based on the quality of the science and not on the scientist's 
age or how long they've been working.” 


France 

Two years ago thousands of French scientists marched through the 
streets of Paris to protest what many saw as a crisis. Even though 
France already spends 2.16 percent of GDP on R&D, studies were 
showing that both the quantity and quality of French research was 
declining. Relative to other countries, France produces fewer new 
patents and biotech startups. Put off by low wages and scarce lab 
resources, young people were choosing other careers, 

The French government responded by passing a package bill last 
year that includes several measures to lure young people into labs 
and to spur innovation. The research budget will grow from €19.9 
billion in 2005 to €24 billion in 2010. Along with providing more 
money, the new law simplifies research management and empowers 
a new National Research Agency (ANR) to grant funds for projects 
based on merit reviews, a novelty in France. The proposed ANR 
budget for 2007 is €1 billion, 

With ANR grant money, researchers can allocate funds to employ 
postdocs or technicians on temporary contracts and also to purchase 
equipment and consumables. As such ANR’s model departs from 
traditional funding. To date most funds have been distributed via the 
public research organizations (PROs), quasiautonomous institutes 
with thelr own laboratories and permanent staff. These institutes 
typically fund groups on a yearly basis, but there is little relation 
between scientific results and funding. 

The government also created a new Industrial Innovation Agency 
with a budget of €1,7 billion through 2008, Its aim is to support 
large-scale industrial R&D programs aimed at new technology-rich 
products or services that target a significant market. 


Career Initiatives 
sponsored by The Wellcome Trust 
» Sir Henry Wellcome Postdoctoral Fellowships enable 


newly qualified scientists to embark on independent 
research careers. 


Flexible Travel Awards to enhance opportunities for 
collaboration, mobility, and intecdisciplinary training for 


experienced scientists. 


Ph.D. programmes for clinicians to provide world-class 
training for clinical academic researchers to complement 
existing Research Training Fellowship support. 


Fellowships in Public Health and Tropical Medicine 
supporting researchers from developing countries to 
gain research experience and training relevant to health 
in those countries. 


wnnsciencecareets.org/businessfeatures 


Science in Europe 


“The framework money is 
forcing countries to come up 
with matching money.” 

—Tony Mayer 


The United Kingdom 

By contrast, the UK lags behind Germany and France. Public and 

private sector investment in R&D hovers around 2 percent of GDP. 
But the numbers don’t account for funds available through 

charitable trusts such as Wellcome and Cancer Research UK—two 


foundations wit 
billion, 

After the Bill and Melinda Gates Foundation, The Wellcome 
Trust is the second largest charitable trust in the world. It invests 
85 percent of its annual budget in bioscience projects in the UK, 
of which 20 percent goes toward fellowships. “You could pretty 
much go from cradle to grave on Wellcome Trust Fellowships,” says 
Sohaila Rastan, director of science funding. Because the trust is 
independent, it can be Nexible, Grants are available to scientists 
without permanent positions and can run as long as seven years 
(See the Career initiatives box for a list of new fellowships). The key 
criterion for winning a grant is excellence, says Rastan. 

Money from charitable trusts, however, doesn't typically pay 
for research infrastructure such as laboratory upgrades and new 
‘equipment. In Europe, the primary source for facility upgrades and 
‘new equipment—the type of resources likely to attract top-notch 

Jentists—is government money, In 2004, the British government 
published a 10-year plan for science and innovation that calls to 
boost science spending to 2.5 percent of GDP by 2014, 

In a sense, “The framework money is forcing countries to come 
‘up with matching money.” says Mayer of Euroscience. “And that’s 
a good thing because the bulk of research investment is from the 
the form of salaries, equipment, bricks and 


‘annual budgets that together add another £1 


Biotechnology 
The same force that has held back European science has also 
worked against European biotech—a lack of funds. While biotech 
startups are able to access seed money through private sources 
or government, many are unable to raise subsequent cash to 
grow. A study by UK-based Critical Limited, a consulting company, 
shows that while the number of biotech companies in Europe and 
the United States is almost equal, European companies are much 
smaller and have very few products in later stages. The industry 
‘employs over 190,000 people in the United States. In Europe the 
industry accounts for about 97,000 jobs. American companies also 
spend three times more on R&D and receive almost three times more 
venture capital funding. Two-thirds of European companies employ 
20 or fewer people. 

In terms of size and number of products, 


continued » 
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Max Planck Institute for — 
Marine Microbiology «FNP 


Foundation 
for Polish Science 


Research Scientist Position(s) 
in Marine Biogeochemistry 


The Max Planck Institute for Marine Microbiology, Bremen, Germany, invites applications for Homing 
two scientist positions in our Biogeochemistry Group. The Biogeochemistry Group studies Programme 
geochemical and microbiological processes in marine sediments with emphasis on carbon, 

sulfur oxygen, and metal cycling. We are looking for highly motivated scientists with post 


ScienceCareers.org 


doctoral experience who demonsvate an interest in collaborative research. the participa 2nd Call for Proposals 
fon in ocean-goin research cruises, and exposure to diverse research als represented at 

the Max Planck Institute for Mare Microbiology. The successful candidates wil be nvted The Foundation for Polish Science 
to develop thi own projects as wellas join ongoing and planned muludsciplnary research invites. applications from Ph.Ds 
projects atthe inet. returning from. an extended 
Candidates for either position should have a relevant background in biology, geology or che- scientific stay abroad. Homing 
mistry, preferably with post-doctoral experience in manne geochemistry, microbiology, ear grant with 
and/or stable isotope mass spectrometry. We are seeking to fill at least one of the positions extensions, awarded 10 
wnt a clanbst who has experince in stable isotope mass spectromety and ts applica faclate the return of young researchers 
dns to geochemical andjor microbiological problems to Poland, It consists of « stipend for 
We ofr 2-10 3-year fulltime appointment. The salary i according to the German system for he coats avd'k saevention’ for 
public emplayees (E 13 TVD ). One position is available immediately and the other will beco- SEMIS prajEC! ame SxorneKrone: 
fne avallablen July 2007 cooperation, 

Furthar information can be obtained at wwwmp-bremen.de o rom Or. Timothy Ferdelman ricci i aa eicsiee 
Applications should include a curiculum vitae, a st of publications, 2 description a future Aprit 2007 


research objectives, and a ist of three references. Electronic applications will not be accop- 


ted, Written applications are invited until April 13, 2007 and should be sent to formation and application 


Max Planck Institute for Marine Mierobiolog 


Administration, Celsisstr. 1, 0-28359 Bremen, Germany th 


ough 
the EEA Financial Mechanism 
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Grant for Postdoctoral |] :""": MediTrans $& 
Positions in Sweden ? Targeted Delivery of Nanomedicine - 


‘The grant will enable researchers with Meatians 6 a mtsncpinay Mogg Project deaing wh, tpeted 
‘ tevomescines, tun t Komevor talon tcmaeyes at oe cave 
Swedish or non-Swedish doctorates an Good ayacebtty loverde acee tecmart & aramid by te 
(PhDs or equivalent) to work at Swedish ee ee ey cent he ere net 
higher education institutions or research rationally designed nanomedicines will be prepared by loading emerging 
: cones ond'eaubiced cartons Ye Ularenes, parece mais 
establishments. The programme will span 5 pone, spcy) wn tow peso Sup.‘ roa 
two years, Research areas: Natural Sciences, fuses profi In porte, MF pres ath devoted tha report th 
Engineering Sciences, Humanities, Social Seaaydastenio imageshack 


Sciences and Educational Sciences. ‘The MedtTrans consortium consists of 30 partners trom 9 EU member states 


(retuding 1 new member stale) and 3 associated stales, and & comprises 13 
‘auetnal companies, 11 univeriies and 6 research inatdes. Nt total budget 


Application documents will be posted on i216 1ME, wah 11 ME as an EG cortrbuton and 81 NM a indus suppor 
the website at the end of February. The ‘The MediTrans project has clear potent! fo forward targeted nanamedcines 
last application date is 29 March 2007. [elit aKa I Nerden eopeploseiniekorrporel 


Unversty is involved in almost every work package of Medians, is in 
charge of WP1 (Nanocarier design; Prof. Wim Hennink) and a is responsible 
WWW.vr.se {or the overal co-ordnation othe project (Pra Gert Storm). For several work 

packages and project ines of MediTrans, the Department i now recruting 
{wlented, motivated and intemaionaly oriented PHO students with a (bio-) 
\ V7 chemeai a(bo-) pharmaceutical & a (b6-) medal background 


Interested and property qualified candidates are invited to send their 
‘application, including a CV. a letter of motivation, and the names ané 
— Contact details of two Independent referees. to Prof. Gert Storm, 

Department of Pharmaceutics, PO Box 80082, 3508 TB Utrecht, The 
‘Vetenskapsridet Netherlands (Email: G Storm@pharm wu.) 


“European biotech is about 10 years behind the US.” says Adeline 
Farrelly at EuropaBio. 

Several governments have, however, launched initiatives to help 
biotech companies grow faster and remain in business. In 2004, 
for example, the French government adopted legislation that gives 
startups a tax break. Any company that raises more than €5 million 
through an IPO and spends more than 15 percent of its operating 
costs on R&D is exempt from paying social security tax for employees 
involved in R&D projects. The measure can save companies up to 20 
percent in employee costs, which they can reinvest in the company, 

Called Young Innovative Company Status (VIC), the measure was 
initially conceived by France Biotech—an umbrella organization 
representing the industry in France —and the French Strategic Council 
{or Innovation, Other European countries are following France’s lead. 
Belgium adopted a YIC scheme in 2006; Sweden, Portugal, and 
Hungary also are considering similar schemes. 

France biotech has proposed other initiatives that would offer 
shareholders who invest in small and medium sized enterprises tax- 
breaks (see the Biotech Tax Breaks box for details). 

Such incentives are steps in the right direction, says Christopher 
Lowe, director of the Institute of Biotechnology at Cambridge 
University. "Governments need to make sure that the regulatory and 
financial climate is right to allow these developments to take place.” 
Lowe points to the UK as an example. Forty percent of all publicly 
traded European biotech companies have roots in the UK, making it 
the clear leader in Europe's biotechnology scene. the closest rivals 
are Germany and Swizerland at 11 percent each. Many companies 


Biotech Tax Breaks 


Young Innovative Listed Enterprise (VILE) status is a new 
initiative proposed by France Biotech and the French 
Strategic Council for Innovation to encourage public 
investment in biotechnology. To qualify a company would 
need to have raised more than €5 million via an 1PO on 
a regulated or managed European market; spend more 
than 15 percent of its operating costs on R&D; employ less 
than 250 employees: and have a turnover of less than €50 
million ora balance sheet total of no more than €43 million. 
| adopted by the French government, VILE companies will 
be able to offer shareholders the following tax benefits for 
the eight years following listing on market: 


» full exemption from capital gains tax for direct or indirect 
shareholders. 


» full exemption from France’s net wealth tax (SF) for 
shares held directly or indirectly. 


» full exemption from inheritance tax for shares held 
ctly or indirectly. 


ae 


wou sciencecsreers.org/businessfestures 


“In Britain, there's a long 
history of entrepreneurship.” 
—Christopher Lowe 


Helga Nowotny 


sprung up 10 years ago, says Lowe, when startups were especially 
unconstrained by political policy. 

Lowe also points to culture’s role in Britain’s relative success. 
“There's a long history of entrepreneurship here,” says Lowe, who 
has experienced a similar spirit in Scandinavia, Many of Sweden's 
universities, for example, have set up technology transfer divisions 
to promote entrepreneurship. Last year Karolinska Institutet began 
offering undergraduate courses in bio-entrepreneurship and plans 
to expand the courses into a graduate program. 


Integration Issues Still Loom 

While the influx of cash will certainly improve the profile of European 
science, it's not enough, says Helga Nowotny, vice-president of the 
ERC. Despite the European Commission's efforts to harmonize laws 
‘among member countries, regulations still vary. Research is fractured 
and that holds back frontier science, 

“Even if R&D funding goes up, there is no direct way to translate 
this into more innovation.” she cautions. “R&D policies don’t stand 
alone.” Governments need to facilitate, she says. To start, that means, 
working harder toward greater legislative harmony, especially in the 
life sciences, and toward mobility-friendly pension systems and tax 
incentives for business, for example. 

These issues don't negate the need for funds, they only highlight 
the need to nurture Europe's potential in other ways, Nowotny says. 
Europe very well may become a scientific powerhouse in the future. 
“We have some very good research institutions and much to offer in 
terms of quality of life.” And many changes already under way reflect 
steps in the right direction. Germany's Excellence Initiative, which 
promotes competition among universities to create elite institutions, 
is a good example she says. 

“I also see the ERC contributing with new opportunities to lure 
European researchers back,” Nowotny adds. “We have to transform 
the brain-drain of scientists into ‘brain circulation’ both within 
Europe and beyond.” 


Gunjan Sinha is a freelance writer living in Berlin, Germany. 


» Visit wyw:sciencecareers.org and plan to attend upcoming 
‘meetings and job fairs that will help further your career. 
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EMBL =. 


The European Molecular Biology Laboratory (EMBL) is al research on 
Headquarters Laboratory in Heidelberg, Germany and four additional Units in Hinxton 
Bioinformatics Institute, EBI), Grenoble, Hamburg, and Mon do. For our Outstation in 


Monterotondo we are searching for a 


Group Leader 


Mouse Biology Unit at EMBL, Italy 


The Group Leader will lead an independent research group in the EMBL Mouse 
Biology Unit in Monterotondo, near Rome. We seek a dynamic, independent group 
leader with an excellent track record and demonstrated experience or interest in 
mouse genetics and physiology, and a desire to join a multidisciplinary environment. 
We encourage applicants working on diverse questions in organismal biology with an 
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emphasis on models of human disease, using modern genetic and genomic 


approaches. 


EMBL offers a highly collaborative, uniquely international culture. It fosters top quality, 


Interdisciplinary research by promoting a vibrant environment 


Independent research groups with access to outstanding graduate students and post- 


doctoral fellows. 


To apply, please email a 
CV with a concise descrip- 
tion of current research 
interests and future plans 
as well as 2-3 recommen- 
dation letters, quoting ref. 
no. S/06/173 in the subject 


consisting of young 


Further information on the position can be obtained from the Head of Mouse Biology _ line, to: 

Unit, Nadia Rosenthal (rosenthal@emb1.i). application@embi.de 
EMBL is an inclusive, equal opportunity employer offering attractive conditions and 

benefits appropriate to an international research organisation. www.embl.org 


GRANTS 


Set up your laboratory 


in Croatia, Czech Republic, Estonia, 
Poland, Portugal or Turkey 


EMBO Installation Grants 

The aim of this scheme is to strengthen science 
inthe participating countries The grants wall help 
sclentists to relocate, set up their labs and rapid 
establish a reputation in the European scientific 
community 

Award 

> €50,000 annually for three to five years 


> Participation in EMBO Young investigator 
networking activities 


Engibiity 

First-class scientific background ands 
publication record 

Job offer in participating country at time of 
application 

Initial participating countries 


‘Croatia > Czech Republic Estonia 
Poland > Portugal > Turkey 


‘Application deadline: 15 April 2007 
NB. Applicants must apply jointly with 
the receiving instinte, 


www.embo.org/sdig 


Call for Fellowship Applications 


Tomploton Research Fellows Program: 
Philosophers and Physicists Collaboration 
‘on the Nature of Quantum Reality 
at 
1Q0Q1 ~ The Institute for Quantum Optics 
and Quantum Information 
‘Austrian Academy of Sciences, Vienna, Austria 


Program Director: Professor Anton Zeilinger 


jentists and philosophers who have been engaged at the junction 
of physics, philosophy, and religious stadies are invited to apply for 
a Residential Templeton Research Fellowship in Vienna, Physicists 
should have a strong philosophical background or inclination, and view 
versa. Applications will be considered as openings occur. The stan of a 
fellowship term is flexible to accommodate the plans of the individual 
fellow. Applicants should send a full CV with publication list, a list 


of scientific talks and conference contributions, and a recent photo, 


together with a statement of specific rescarch interests, and any relevant 
accompanying material, The selection of Fellows will be made by aa 


imternational and muli-disciplinary panel of judges 


further information, please refer to 
www igoqi.at/newsopportunitievfles/templeton_fellows.pat 


Please send application materials by e-mail or regular mail to the 
lowing address 
Templeton Research Fellows Program 
Attn: Ms. Andrea Aglibut 
Institute for Quantum Optics and Quantum Information 
Austrian Academy of Sciences 
Boltzmanngasse 3 
A-1090 Vienna 
Austria 
e-mail: andrea.aglibut(@ ocaw.ac.at 


International Careers Report 


UK and Ireland 


Lildil 


Whether recruiting, 
creating awareness, 
or branding your 
organisation, don’t 
miss the opportunity 
to be seen in this 


issue. 


Issue date: 
22 June 2007 


Booking deadline: 
5 June 2007 


Contacts: 

Tracy Holmes, Christina 
Harrison, or Svitlana 
Barnes 
ads@science-int.co.uk 
+44 (0) 1223 326500 
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Project Leader in Vascular 
Biology 


Who we are: 

‘At Roche, we believe passionately in what we do, and that 
our products make a difference in people's lives. We are a 
successful business that can offer exciting career opportuni- 
ties to you, both locally and internationally, in a supportive 
and rewarding culture. We know that our people are respon- 
sible for our success and we value our employees, aiming to 
create a work environment where feeling valued, respected 
‘and empowered is a daily experience 


Headquartered in Basel, Switzerland, Roche is one of the 
world’s leading research-focused healthcare groups in the 
fields of pharmaceuticals and diagnostics. As a supplier of 
innovative products and services for the early detection, 
prevention, diagnosis and treatment of disease, the Group 
contributes on a broad range of fronts to improving people's 
health and quality of life. Roche is a world leader in diag: 
nnosties, the leading supplier of medicines for cancer and 
transplantation and a market leader in virology 


The Positios 
You will lead a multidisciplinary team of technicians and assoc 
ate scientists with a proven track record in drug discovery and 
basic research. The team's mission is to identify and evaluate 
potential drug targets in vascular inflammation, in the pursuit of 
truly novel medicines for atherosclerosis. 


Who you are: 

You have a PhD and/or MD and a strong background in 
drug discovery, with at least five years’ experience in phar- 
maceutical research and significant experience in 
atherothrombosis research, Your area of expertise is physi- 
ology/pharmacology, with a strong background in animal 
models of atherosclerosis. Successful research on mecha- 
nisms of atherosclerotic lesion instability is documented iby 
your excellent publication record. Previous exposure to ther 
apeutic approaches using apolipoproteins or apolipoprotein 
mimetics would be an advantage. 


You should also have experience in working with high-pro- 
file scientific leaders and be able to represent Roche at sci- 
entific meetings and in academic and industry consortia, 
Previous experience in working in cost-effective, cross-func- 
tional, interdisciplinary groups in a matrix organisation and 
the ability to work in a goal-oriented manner within strict 
time constraints are additional pre-requisites for this posi- 
tion. 


I you are interested in this position please apply online at: 
hitp//careers.roche.com, Job 1D 3395 and attach full 
supporting documentation (CY. diplomas). 


Pharmaceuticals 
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Friedrich MiéSetier-tnstitute 
Internatiettal 
PhD Programme 


Applications are inyited for internally turided\Pho student 
fellowships at the FMI in Basel, Switzerland, The Fil is part 
of the Novartis’ Research Foundation. Our\research focuses 
on épigenetics, growth contra! and neurobiology. We emplay, 
State-of-the-art teclmologies to explote basic molecular 
mechanisms of/cells and organisms\in health and disease: 


Include: For application forms 
cof aging / Cancer and metastasis / Cell adhe- 
sion / Protein structure / Proteomics and genomic: 
Molecular mechanisms of cell signaling / Cell 
specification and differentiation / Connectivity and 


Mohamed Bentires-Alj/ Pico Caroni 
‘Ruth Chiquet-Ehrismann / Rafal Ciosk 
Filipowicz / Rainer Friedrich 


Application deadline: 


Helge Grosshans function of neuronal circuits / Vision, olfaction, motor 21 May 2007, 
igs / Jan Holsteenge ‘control / Synaptic plasticity / Learning and memory / 
Nancy Hynes / Andreas Lh) Epigenetic regulation and chromatin modification friedrch Miescher Insitute 
Patrick Matthias / Andrew Matus Gene expression and silencing / Genomic integrity / for Biomedical Research, 
‘Frederick Mains / Denis Monard ‘MicroRNAs and posttranscriptional regulation ‘Maulbeerstrasse 66, 
4058 Basel, Switzertand 
Our international PhD programme has 100 graduate 
Disk Sehdbelr/ Nicolas Thoma Students fom more than ZB counts. The wokleg 
‘is English. Most students ed . 
w Ruccomanyetsat oe www.fmi.ch 
a 
3 
a 
fr OPPORTUNITY AT THE 
POSTDOCTORAL RESEARCH UNIVERSITY OF. GENEVA 
FELLOWSHIPS 0 al for applications for 


mnparable o assistant professors) 
by the Swiss National Science 


ips for 
(Ph.D, of M.D. are spor 


Provincia di Benevento and a 


;escarch in the Institute for Cancer 


University in New York. The ICG pe 
g environment in whi 


cell eyele and differentiation in normal ce 
ceancer ofthe nervon 


transgenic models. Previous work with neural cel 


receive high consideration, Candidates witho 


qualifications are discouraged to apply 


Applicants should send their curriculum vitae and the names and 


addresses of three references to: 
Dr. Antonio Lavarone 
Genetics 


Phone: 21 
Es 


silable on: 


Foundation the 
Section of Basie Medical Sciences 
‘of the Faculty of Medicine 
University of Geneva 


SNF PROFESSORS 


The Section of Basic Medical Sciences comprises more than $0 research 
teams active in genetics, developmental biology, neurosciences, 
pathology, immunology, cellular physiology, metabolism, bioinformatics 


http://www medecine.unige.ch/recherche/fr/sections-instituts/ 


fondamentale.php 


The selected candidates will be provided with generous laboratory 


space, a salary fora research assistant, start up funds and will have full 
aceess to all departmental equipment as well as to all core facilites of 


the medical school 
he Swiss National Science Foundation can be 
‘mww.snfchien/foplawa/awa_p 


including a CV and a 
h inlerests to: Prof, Jean-Dominique Vassalli 
je Medical Sciences, CMU, 1 rue Michel-Servet, 

- Suisse. 


1 be sent before March 31, 2007. 


P) UNIVERSITE 
2, DE GENEVE _ 


Homen are encouraged to apply: 


TECHNISCHE 

UNIVERSITAT 

IMONCHEN 
The Department of Chemistry at the Garching campus of the Technische 
Universitat Manchen invites applications fora 

Professorship in the field of Protein Chemistry 
(W2 tenure track). 

The successful candidate is expected to work on fibrillar proteins, with a 
focus om the analysis of the underlying structural and Functional principles 
theirassembly, pathogenic fibril formation, or material properties. Candidates 
are expested to have demonstrated excellence in esearch in one or several 
of these areas. 
The professorship is associated with the newly established Cluster of 
Excellence "Munich center for integra protein science, CIPS-M™ as part of 
the Excellence Initiative ofthe federal government of Germany. The success 


candidate will complement the research focus “Biological Chemistry” ofthe 
Department of Chemistry. A comstimcnt to teaching (atleast partly German) 
i essential, Promotion o tenure is possible after a maximum of $ years 


Preconditions for employment are sucessful completion of academic studics 
tan institute of higher education, polagogical aptitude, Ph.D doctorate and 3 
postdoctoral lecturing qualification or certification ofan equivalent academic 
achievement, which may have been obtained both i fine with an Assistant 
Professorship and outside university environment Atthe tims of appointment, 
applicants should not be older than 52 years. Under certain circumstances the 
age limit may be lifled (see Art 10 Abs 3 Sate 2 BayH1SchPG), 

Incases of equa clgibility, preferential consideration will be given disabled 
‘candidates, 

The TUM is striving to increase the proportion of women in research ant 
education and thus expressly invites qualified female scientist to apply for 


Applications with the usual supporting information (curriculum vitae, 
cetificates, ist of publications, cating the ve mos relevant publications, 
and a resume of planned research activities ete) should be submitied by 18 
‘April 2007 to: Technische Universitat Manehen, Dekan der Fakultat Ur 
Cheri and in. parallel 


International Doctoral Training Program 


Frontiers in Genetics propotes an international program for doctoral to 
ning supported by the Swiss National Seience Foundation. The program is 
bboted of the University of Geneve bu! includes participating members of 
the Universities of Lausanne, Zurich and Bose, ofthe Swiss Federal instivies 
‘of Technology in Lousonne and Zurich, atthe Swiss Insite for Expenmentol 
Concer Research (Lausanne) and the Friedrich Miescher Instlute Basel) 
The program occepis students towards 6 PAO degree starting in October 
2007 ‘and provides © slrong background In moleculor genetic, genomic 
ind proteomic approaches forthe study of moder biologic problems. 
We ore seeking outvtonding condidotes wih a degree in biological ot phy- 
sical sciences ond a commitment to 0 coreer in research. The students 
selected wil receive stipends for four yeors, subject to completion of cll 
progrom requirements 
Applicants should download and send the application form, o letter descr 
bing their interests, bockground and reseorch experience, on oficial 
transcript oftheir university curriculum with grades, and contact information 
(of 3 persons who con supply letters of recommendation, to: 
Dr Caroline Laemmli, NCCR Executive Officer 
‘Notional Center of Competence in Research Frontiers in Genetics 
30, Quoi Emest-Ansermet 


The application deadline is April 30, 2007 for admission in Fell 2007. 


‘Application form ond addtional information on 
www frontiers-in-genetics.org 


Porticipating members: Styianos E. Antonarotis, Sivie Arber, Konrad 
Bosler, Denis Duboule, Suson Gasser, Marie Gomes, Emst Hofen, Pedro 
Herrero, Francois Korch, Ulich K. Loemmli, Joachim Lingner, Serge Nef, 
Ivan Rodriguez, Ariel Ruit | Altabo, Botond Roska, Ueli Schibler, David 
Shore, Pierre Spierer, Francoise Stutz, Beard Thorens, Didier Tron, Jean- 
Dominique Veszalli, Wolter Wohl 


>, The Ruhr University Bochum invites applications for 
= 
EPP, the positions of 


el 

“>” three Directors (W3) 
of the Interdisciplinary Centre 
for Advanced Materials 
Simulation (ICAMS) 


Jn combination with Professorships in the areas of 


Micromechanical modelling of macroscopic material behaviour: 
The main focus of this department is modeling material behaviour at 
the macroscopic scale. Continuum methods are extended and combi 
‘ned with atomistic and mesoscale concepts. A proven track recordin 
research on mesoscale processes such as dislocation dynamics, tex: 
ture evolution, microstructural damage accumulation and fracture 
‘mechanics is expected. 


‘Scale-bridging thermodynamic and kinetic simulations at the 
‘mesoscopic scale: This department covers the mesoscale with spe- 
‘ial emphasis placed on microstructure, phase transformations, preci= 
pitation processes and intortace dominated material propertios. Simu- 
lation tools include statistical mechanics, Monte Carlo simulations and, 
‘phase fiold modeling, 


‘Simulation of material behaviour at the atomistic scale: Tho ro- 
‘search objective of this department is the description of fundamental 
‘material properties, thermodynamic quantities and surface reactions at 
the atomistic scale. A strong focus on coupling atomistic lovel simula 
tions to mesoscale materials properties is expected, Phenomena such 
‘as dotect properties and microstructural evolution are in the focus of 
Interest. Knowlodgo in the areas of DFT, empirical potontials and MO. 
‘and/or the development of empirical potentials is required. 


For all three positions (starting date: January 2008) proven track records, 
Jn bridging longth and time scales and the willingness to collaborate 
with the other two groups and with industry are expected. ICAMS is a. 
‘newly founded interdisciplinary institute for modoliing and simulation of 
‘advanced engineering materials including soft matter. ICAMS aims at 
‘prodicting the macroscopic behaviour of enginooring matorials from 
‘atomistic properties and microstructure with the intention to provide 
100I6 allowing improved and accelerated development of now matori- 
als. ICAMS is funded and financed by leading German companies, tho 
Federal Stato of North-Rhine Westtalia and the Ruhr University 
‘Bochum. ICAMS is designed to be a strong multidisciplinary contro 
‘consisting of throo endowed chairs (encompassing sevoral positions. 
{for research assistants and PhO students) and throo associated advan- 
‘ced study groups which link ICAMS-activtios with existing theoretical 
land experimental expertise. ICAMS' mission is to establish new ro- 
‘search and educational programmes in the area of matorials simula 

combining expertise from natural sciences, mathematics and engine 
ring. ICAMS will have strong interactions with the material scientists at 
the Ruhr University Bochum, with leading institutes in materials re- 
‘soarch and with industry. ICAMS will also educate a new genaration of 
‘materials engineers trained in advanced matorials simulation techni- 
‘ques. We sok candidates with an outstanding international roputati- 
‘on, the ability to lead an institute and to collaborate with industry exp 
rience in the acquisition of research funds and in teaching at the uni- 
versity level. The Ruhr University Bochum is committed to equal oppor- 
tunity in employment and gender equality in its working environment. 
To increase equal gender distribution in all job categories and at all 
levels, we strongly encourage applications from qualified women. 
Female applicants will be given preferential consideration when their 
level of qualification, competence and professional achiovements 
‘equals that of male candidates, unless arguments based on the per- 
‘sonal background of a male co-applicant prevail. Applications from 
‘appropriately qualified handicapped persons are also encouraged, 


Applications, including a curriculum vitae, a list of publications and a 
statement of research interests and plans, should be sent by Apri 13°, 
2007 to: Dr. E. Weiler, Rector of the Ruhr University Bochum, con- 
‘cerning ICAMS, Ruhr-Universitat Bochum, D-44780 Bochum, 
Potential candidates will be invited to participate in a scientific callo- 
‘quium on 15-17" of May 2007. 
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Cc r e a CaTALan INSTITUTION FOR RESEARCH AND ApvaNceD Stupies 


nt Catala de Recor ts rats 


Senior Research Positions 2007 Junior — Academia Research Contracts 2007 


ICREA announces the open ig of 1 junior —academia research contracts 


fields 


1g 0f25 senior esearch positions in diferent ICREA announces the ope 
fferent fields, 


re a PhD. degree obtained before May 2003, Minimum requirements are a Ph.D. degree obtained before May 2005, 
preferably with four years of international exposure at the doctoral preferably with two years of international exposure atthe doctoral and/or 
‘andor post-doctoral level. However, anly those candidates with an post-doctoral level, Applicants should be around 34 years old atthe time of 
outstanding research record and excelleat leadership capabilities their application although consideration will be given to older candidates 
will be considered. special circumstances 


Minimum requirements 


Successful applicants will have a permanent contract with ICREA Successful applicants will havea five-year contract with ICREA and will 
and will work at universities, research centres and other cooperating work l universities, research centres and other cooperating institutions in 


asttutions in Catalonia, Salaries will bein line with those paid at Cat Catalonia. Salaries will be atthe level of a first-year professor (Professor 
niversities, Titular) the Catalan public university system, 
ICREA research professors will be subject to an evaluation of research ICREA researchers will be evaluated after their contracts have been in 


progress and general performance after a three-year period, and effect for four years. Researchers whose performance is outstanding may 
subsequently every five years. A postive evaluation will lead toa salary be eligible fora permanent ICREA senior position atthe end of their five 
increase, Year contract. The number of such positions will be limited, 

For funher details visit wwwaierea.eu, For further dels visit wwwicrea.eu 

Applications and deadline 


Applications for both calls must be submitted 
apply, Deadlines: Senior Call ~20 Apeil 2007 Junior - Academia Call 


ectronically via ICREA’s website wow Jerea.eu. The website provides all the information needed! to 
April 2007, 


amment of Catalonia (Generaliar ck 
research in Catalonia by creating new 


*ICREA isa foundation joi 
Catalunya) and by the Ca 
research positions 


ly sponsored by the Ministry of lnnovation, Universities and Enterprises of the Gow 
lan Research and Innovation Foundation. ICREA’s main goal is to support high-Iev 


MEETI PRIZE 


BODOSS 


AKI FOUNDATION 
VIZIER MEETING 
Viruses, crystal structures, and drug-design 
industrial and Scientific Meeting of the European 


Project VIZIER 
27" April 2007 — Marseille, France. 


PRIZE ANNOUNCEMEN 
2008 


For the year 2008, the Bodossaki 
fopean integrated project VIZIER (for Comparative Structural Genomics of Pousidiniie fas Gaesdod to'uward fol 


al Enzymes Involved in Replication) involves 23 Eurepean laboratories and ta aciaen ofa: panies 
ryets > 200 RNA viruses genomes in order to determine three-<imensional structures oe decedent bets Se 
of proteins involved in their replication, These enzymes are high priority iis 
the development of new antiviral compounds. RNA vis major 


scientists of up to 40 years old, of C 

nationality, parentage or descent, 

following fields: 

(1) Mathematics 

(2) Theories, Methods and 
Techniques, of Biomedical 
Applications of Informatics and 
Telecommunications 

sics/Political Science 

ig Development 


concern: they are responsible for the majority of viral discases (Hepatitis, L 

Flu, Measles...), and potential bio-terrorism agents. The VIZIER project federates 

complementary scientific specialties encompassing bioinformatics, virology, genomics, 
rystallography, biochemistry. and medicinal chemistry 


The audience of the “special event” on Friday 27 April will lear about progress made 
during the first iwo logical aspects of emerging diseases 
‘will be debated in the perspective of viruses and vectors adaptation to climatic and 
\way of life changes. The VIZIER scientists will deseribe the last structural genomics For further information please contact 
results. The industry will present recent advances in the development of antiviral The Bodossa 
compounds, Some "success stories” involving VIZIER results will be detailed (SARS, 

Chikungunya, West-Nile and Dengue, Calicivinuses). 


‘oundation 
23A, Vassilissis Sofias Avenue 


eter 


invited speakers, please sce: WWW.vizier-europe.org email 


aterina@bodossaki.er 


www bodossakiigr 


DIRECTOR, PSI STRUCTURAL GENOMICS KNOWLEDGEBASE 
National Institute of General Medical Sciences (NIGMS) 


NIGMS is secking an individual o serves the Director ofthe PSI Structural Genomics Knowledgebase (SG-KB).a key component ofthe Protein Structure Initia- 
tive (PSH), The PSt isi national research program inthe emerging field of structural genomics. The long-range goal of the PSI is tomake the three-dimensional 
‘tomic-level structures of most proteins easly obtainable ffom knowlege of their comesponding DNA sequences. The PS! SG-KB will serve as w headquarters 
for scientific data and knowledge generated by the PSI-fanded centers so that they may be widely available tothe scientific community, Information about the 
PSI may be found at; hup:/ www nigms.ni, gov Initiatives PSL him. 


Requirements: The position will be a par-time temporary assignmetit for up to hwo year, With the possibility of an extension for up to two additional years, 
Individuals at an aceredited U.S. public or private college 6 univerSity.oftehiical institution of higher leaming are eligible to apply. Students and employees 
from foreign universities are not eligible for consideration. Individuals detailed tothe NIGMS remain employees ofthe outside organization, and may only serve 
inan advisory or consultative capseity. 


‘Candidates must have a Ph.D. or equivalent degree in a icld relevant to the position. The ideal candidate will have seititific knowledge and research experience 
in one oF more of the following fields molecular biophysics, structural biology, genomics, bioinformatics, and computational biology. In addition, candidates, 
should possess experience in broad fetworking interactions and collaborations inthe above research fields, a proven tracktevord in dieting and/or managing & 
lange scientific database o lange Search project, as well as strong leadership ability and effective communication skills 


How to Apply: To be considered for this position, send to the e-mail address below a CV, bibliography, and avvision statement (not to exceed three pages) that 
presents your views on how to maximize the usefulness and impact ofthe Knowledgchase fr the greater biological community, 


NIGMSCV@mail.ni.gov 


Applications must be received by the closing date: March 30, 2007, The National Institutes of Health inspirés public confidence tn our science by maintain 
ing high ethical principles. "Idividuals detailed to NIH are subject to Federal govemment-Wide regulations and statutes as wel as agency-spectic regulations 
described at hip//ethicsox.nih gov. We encourage you to review this information, You may contact Kinbery Alien with questions regarding this announcement 
00 301-594-2755, 


psc w 


Department of Health and Human Services. ‘Staff Scientist (Core Laboratory) 


National institutes of Health 
National Cancer Institute 


The Center for Cancer Research (ECR), National Cancer Institute 
(NCI), National Institutes of Health (NIM). is seeking applicants for an 
available Staff Seientist position. 


The selected individual will provide senfOr selemtific support for Drs. 
Carol Clayberger and Alan Krensky on studies related tothe regulation 
oFexpression of the chemokine RANTES (Mol Cell Biol,.2007;27:253- 
. 1119-26; 5 Biol Chem, 2002;277:30085-65; 

Immunity, 1999:10:93-103). The successful candidate will have a 
doctoral degree with at least five years experience post degree. Candi- 
date must have a strong background in molecular biology with training 
ional regulation and epigenetics. Experience with animal 

models and/or immunology is preferred. All applicants should submit 
a letter indicating their interest; a statement of research interests; cur- 
rent curriculum vitae and complete bibliography; and the names and 
addresses of five references (include email addresses) by Mareh 30, 


rjobs@mail.nih.gov. Please: 
indicate “Clayberger Staff Scientist” in the subject line 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


‘The National Itt of Alergy and infectious Disses (NIAID), « major research 
‘component ofthe NIH a the Departrcn of Healthand Human Services, isreruting 
fora Staff Scientist (Core Laboratory) in the Becteral Toxins and Therapeutics 
‘Section, Laboratory of Bacterial Diseases (LBD). The LBD ths an active program in 
brsicresearch seeking toundemtandpenetic and biochemical mechanisms underly 
microbial pathogenesis. The research has the long term goal of developing vacines 
and therapeutics for baci infections. Curent, principal focus is anthrax, 


Resporsiiltis ofthe puiton include: 1) demonstrate detailed knowledge of the 
zncicsand physiological bohavic of Bails anthracis, 2) develop genetic tos for 
alteration of bacterial penes and study of gene expression, 3) ty the role of toxins, 
‘apse, and procascs nthe virulence of B anthracis 4) develop procedures forthe 
safe study of highly virulcet bacterial agents in BL3 laboratory conditions, and S) 
instruct and supervise others in safe operation of BLS laboratories. 


The succesful individual will desly possessan MD. or Ph.D, degre andhave proven 
‘experience with genetic manipulation of B. anthracis, Furthermore, the individual 
should have the ability and price experince in working with highly infectious agents 
under BL’ continmert conditions. Individuals selected fr this position must undergo 
background checks and be certified to work with Category A Select Agents and will 
receive vaccination for arrat and other agers 


Sslary is commensurate with research experience and accomplishments. 
Please send CV Bibliography, selected reprints, and names of thre references to MS. 
Patricia Vislatos Bldg, 33, Room IWI0A, 33 North Drive, MSC3202, Bethesda, 
‘MD 20892-3202, Applications must be received by April 2, 2007, 


University of California Davis, 
School of Medicine 


and the 


iners Hospitals for Children 


Northern Califo 


Postdoctoral Fellowship Openings 


The Institute for Pediatric 

(IPRM), a collaborative initiative The Universi 
California Davis School of Medicine and Shi 
Hospitals for Children Northern Cal 


for postdoctoral fellows in the laboratoy 


Paul Knoepfler, Ph.D. This opening is for a fe 
study genetic and epigenetic regulation of muri 
human ES cells, Postdoctoral fellows 
opportunity. to obtain 

molecular genetics, tran: 

and ES cell biology. Candidates should have expe 
ence and publications in developmental and 


jochemistry, and/or molecular bic 


+ Ph.D. ‘the fellow will study molecu 
lar mechanisms of nervous system development an¢ 
disease. Emphasis is on signaling 
neuronal and glial cell death, ¢ 
inflammatory ms of in 
stem cell biology and regenerative medicine. Cané 
dates will have the opportunity t0 obrain expe 
and training in animal n s of human ¢ 
neural culture techniques hemica 


and morphological methods. 


Candidates must have a Ph.D and/or M.D. Cand 
dates should forward a letter to the app’ 
describing their research, current interests, cu 

vitae, reprints of 3 publications, names and 

of at least 3 references to: Human Resources, c/o Paul 
Knoepfler, Ph.D. or Wenbin Deng, Ph.D. 

‘on lab of interest), 2425 Stockton Blvd. 

CA 95817 or fax (916) 453-2388. The 


remain open until filled 


Universie 
Shriners Hospi 
EOE/Dru 
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MASSACHUSETTS GENERAL HOSPITAL 
HARVARD STEM CELL INSTITUTE 


snists inthe field of 
strated ability todevelop 
nsidered. Suc 
d Stem 


candidate(s) will be membs 
itute and faculty of Harvard L 
da PhD andi 


Fine 
nt curriculum vitae to De, David 
epasker partners.org, 
1 should also be sent directly 


Center for Regi h Committee 


Attention: Chi 


currently 
etic strategies to stay uman, 


hee 20,000 square fot Center for Genetic and 


College dt: 
sad 


developed bythe Dean 


ltr of interest snd Cin ecto format 
rch Commitee, Albert Einstein College of 
mes, 1300 Morris Park Avenue, 312 Belfer, 


», ALBERT EINSTEIN 
COLLEGE OF MEDICINE 


Advancing science, building careers 


College of Biological Science 


13 Tenure Track Positions 

The College of Biological Science isthe largest unified bioscience insbtution in Canada and comonses over 90 faculty 
including nine Canada Research Chairs, 3,000 graduate and undergraduate students, and with an annual external 
research income in excess of $32M. The College has recently taken occupation of a $144M, 390,000 sq ft Science 


‘genomics and bioimaging. Exceptional 
ronment invohing plans (Phytoten), aquatic organisms (Aqua) and aquatic mesocosms (Limnoton. An animal 

‘wing, part ofthe Univerist's Animal Care Faciy, thats suitable for acute and chronic housing of rodents is strategically 
located within the Human Health and Nutronal Science Department. As part ofa stategic plan to maintain the Colege 
at the forefront off science, we are seeking to recruit outstanding indviduals toa series of targeted, tenure-‘rack posi- 
tons atthe Assistant Professor level, Successful applicants wil be expected fo establish a tong, independent research 
program invohng innovative approaches and contribute to wider interciscipinary research goals. The College takes pride 
inthe excellence ofits students, and applicants shouldbe abe fo ariculate @ commitment to the highest standards of 


with postdoctoral , 
rience in undergraduatelgraduate teaching. Further detals on speci positons can be obtained by contacting the ind 
viduals indicated next o each area. Vist our website at http:www.uoguelph.calcbs! 


Human Health, Nutrition, Functional Genomics Ecosystem Ecology 
Physiology and Biomechanics We seekiindividuals with expertise in We seek individuals that investigate 
{five positions): Integrating broad gene andlor protein coupled biological physical processes 


Candidates ae sought with proven expression data ses to understanding in natural or human-iluenced sys- 
experience in nutiton, biomechanics complex processes of physiological tems and who can ink thelr research 
and physiology and applications lo regulation and evolutonary adapta- in ecosystem ecology o our existing 

Opportunites in physic ‘population 


engineering principles and anatomy isms. Contact Dr Pata Wright, _the functioning of ecosystems, the 


to address chronic health issues. email patwrigh@uoguelph ca responses of ecosystems to changing 
‘The physiologist needs a strong ‘ermironments and climate change. 
Understanding of systemic cardiopu- Evolutionary Biology ecosystem consequences of biodiver 


monary physiology as well as nution We seek individuals with expertise in sty. and biogeochemical cycing 
and exercise interactions, The nut evoluionary biology partcularty those Contact Dt Dens Lynn ema 
tonist willbe required to integrate thatuse heoretcal and modeling ddr@uoguelph.ca 
rutitonal sciences with lifestyle and approaches, which complement our 

‘physical activity topics and to havea —_ existing strengths in evolutionary Cellular Microbiology 

(900d knoweedge of nutraceuticals and ecology. evolutionary genetics and We seek a candidate of exceptional 
functonal foods. ‘molecular systematics. Opportunities promise who wil apply contemporary 
“The Colege salto lokin for cand-&xst10 participate in new graduate integraed approches in microbiology 
diates for wo adtonal positon; one leaching and research natives in and cellar bilogy to investigate the 


inthe area ofnuvagenomics asit__—biinformatis, biedversity and interacons between 
pertns to human healt The second 2ppHed evoluion. Contac Dr Mora and eukaryotic host els Applications 
postion i fora physiologist wih ‘Ferguson, ema ‘Wil be considered trom individuals 
interest areas that compliment those ™™ergus@voguelph ca asking leading edge biological questions 
of the Department of Human Health inany system invobving bacteria, 
and Nutional Sciences (carfovas- __Co-#volutonary Ecology or viruses, 
cal, neural, skeletal musce, meta. We seekindvduals with research Contact D.C. Whit, 

bolic Contact Dr ery f0%uS on interactions, dynamics and email cwhitfeuoguelph.ca 


We seek individuals witha back ‘of co-evolution, such as We seek a candidate of exceptional 
godin physiology and eMergng problems inthe evluson of promise who wil aply contemporary 
with expertise in development infectous disease, pests, pathogens approaches lo adress leading edge 
cx neurophysiology. The positon wil for non-native species aswell as. biological questons in developmental 
enhance existing strengths in envion- the ability to span multiple levels of ‘Applications wil be consid 
mental physclogy comparave bio. Gatizaton. Contact De. John ed from individuals investigating 

e neuroen- ‘Fryxell, emai ryxeli@uoguelph ca Soe eee 
<docrinolagy and biomechanics with a pallid er nes, pee taal 
Seay Somer icp oman, Contact Dr Whit 


UNIVERSITY 


°GUELPH 


niversity. 
Guelph, ON, Canada N1G 2W1 


‘Committees wil be looking at 
applications from March 3tst. 
General enquires can be made tothe 
Dean, Professor Michael Emes 


‘email memes @uoguelph.ca 
tel 519-824-4120 ext. 86102. 

‘Al qualified candidates are encour- 
‘aged o apply; however, Canadians 
‘and permanent residents wil be given 
riot 

‘The University of Guelph is commit 


‘minorties and women. All appoint- 
‘ments wil be subject to nancial 
‘approval by the University. 
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MOUNT SiN 
SCHOOL OF 
MEDICINE 


The Department of Genetics and Genomic Sciences at The Mount Sin 


of Medicine of New York University seeks outstanding app 


tenure-track faculty positions in stat 
Assistant, Associate or Full Professor. Successful candidates will join 
Center for Statistical Genetics and Genetic Epidem 


complement and cc 


renetics of complex traits in cancer, cardiovascular, metabolic 


and psychiatric disorders, Outstanding opportunities 


clinical research as welll as participation in educations 


STATISTICAL GENETICS/GENETIC EPIDEMIOLOGY 
TENURE TRACK PosiTIO: 


ical genetics and genetic epidemiokogy as an 


aborare with Mount Sinai’s strong research progran 


Dean of the School of 
Science and Engineering 


SUNY New Paltz, a comprehensive, 
Schow selective and diverse public coll 


secks applicants. for the position of 
Dean of the School of Science and 
For de 


tion, please see wwwanewpaltzedwhr, 


Engincening Is on the posi 


sin the 


romncanite The review of applicants will begin on 


husie and 
: March 12, 2007 and will cor 


ve until 
the position is filled, Please note the 


search number PO6-24 on all materials 


Faculry positions inclule competitive salayfringe benefits, generous startup 
package, and excellent office/lahoratory space and compurer facilities. Rank and related 10 your candidacy. Send, via 
salary are commensurate with experience and research accomplishments e-mail, a leter of application, current 
Applicants should forwaal their curriculum vitae, starement of present and future ear tnd ie ania ed akicicnna ot 


tothree reference 


research plans, letterof interest, and 6 


lick @mssmaedus. Mowsnt Sissi is 


Robert J. Desnick, 
PHD, MD, Department of Genetics and Genomic Sciences, Mount Sinai School 
of Medicine, Fifth Avenue at 100th Street, New York, NY 10029-6574. 


equal opp 


three references (fo be contacted with 
the candidate's. permission) 10 


human_resources@newpaltzcdu. 


SUNY New Pale isan AN/EOBIADA employer 


Endowed Chain Pediatric Research 
Scott & White Health System 
‘Texas A&M System Health Science Center College of Medicine 
The Chidre's Hoop at Set 8 White and The Texas ABM Sten Heath Seince 


‘scconglated invents (PRD. MO. orMD/PRD) ate assole poe tev wh 
ure ee an ad a proven ck crt ase clack Yarra esearch 
The sucess cand wl onan exzandng uty win ge acaderc hear 
se The chr ht wy a crcl ae rece od pardeg eae me 
esate dee. dove clathrin bak nabarl ad Near 
‘per oe Bey genomes and gteomex 
The Chers Hosa Se & Whe serves lage cic tse rout Cnt Tex 
‘hee ae ound dines peter and wba Wastes on carn Pat pert soe 
tte at meat a cela Blog tenes Now cre. moms ard FEMS a 
wet a besasiea aggot veers Reval tora tees rece aan pe 
Inman uj roedises aber cr ad a aeTEre aug package Be 
Char hee lb oid. The Scot Wt Heatcare sae ioe ex ms 
‘ped inngaad der yt ne ae. Sect & Wee pay ches rd 
pil eachog carpus fre Calege of Masone Academic apporrerts 3 he arco 
rd pokes lee rough Be Colege of Meine ae carreras wih Quasar a 
penance 
Inreste candies shout send a copy of fe curs woe, leer adtressrg her 
‘ues ara aol 3 cls wo can prove relereces Doe Wikon MD. 
Chai, Starch Commie for Josephine Ballard Cantons Chair i Pde Research: 
Chaiman, Dpartent of Peisties, 40 South 3st See, Temple, Texan TESS, 254 
T2403, fax 2547261938, oma: dlsonGswmal.sworg 

Inn Sot & ted A Sa Pas Sores oe 

CSealincere pee cne neta es omen 25 


FACULTY POSITIONS 
Cancer Biology and Epigenomics Program (CBEP) 
Children's Memorial Research Center (CMRC) 
Children's Memorial Hospital 
and Northwestern University 
Chicago, IL 


Applications are solicited for two Assistant P 
in the CBEP at CMRC, with start dates in the Spring/Summe 
Fall/Winter of 2007. We seek Ph.D, and M.D/Ph.D. candidates with, 
‘graduate and post-doctoral trainin 
extemal funding, and a commitment wdevelop 
nd state of the a 


cs with research interests in these topics will be considered: 
cancer develop 
resistance, genon 


itand metastasis, tumor heterogencity and drug 


8 instability, tumor-microenvironment sig 
high-throughput identification of germline and sor 
and integrated analyses of cancer-"omics". For further det 
itp:/www.childrensmreorg/cancer_genetiew. 


statement of rescarch interests 
contact information of three referees, and .pdf files of most relevant 
publications fo: Ms. Lara Hess [Ihessi@ childrensmemorialorg}, 
Senior Administrative Assistant, Cancer Biology and Epigenomics 
Program, CMRC, 2430 N Halsted Street, Chicago, 1.60614. USA. 
Review of applications will continue until positions are filled 


Please send curriculum vitae 


Northwestern University is an Affirmative Action Equal 

Opportunity Employer Hiring is comingent upon eligibility to 

work in the United States. Women and minority candidates are 
strongly encouraged to apply 


Set in the beautiful Pacific Northwest, nestled between 
the Oregon Coast and Mt. Hood, stands Portland's 
Earle A, Chiles Research Institute and Providence 

yncer Center. Our unique setting in a community= 
based academic center fosters collaboration between 
‘our outstanding laboratory and clinical investigators. 
Combined with our access to large numbers of cancer 
patients, this creates an ideal translational research 
‘environment, Our emphasis lies in moving discoveries 
from the laboratory bench to the patient's bedside, 


With a proven track record in the field ofimmunotherapy, 
this group of NIt{unded investigators has done 
‘groundbreaking work in tumor immunology. Laboratory 
and clinical translations have included work with 
cancer vaccines, adoptive immunotherapy, defining 

the biology of immune reconstitution during 
vaccination, novel cytokine-based therapy, and the 

use of immunomodulatory antibodies in patients with 
melanoma, breast, lung and prostate cancer. if you would 
like an opportunity to develop your own basic science 
ideas, with a focus on moving them from the laboratory 
to the patient, we would like to hear from you. 


We have the following research opportunities available: 

'* Established laboratory investigators 

* Clinical investigators interested in collaborating with 
laboratory investigators 

+ Scientists looking for first independent position 


For more information or to submit a resume or 
¢-call our director, Walter J. Urba, at 
503-215-6259 or email Walter. Urbae providence.org. 


http://providencecareers.org/PS37 


We are investing in the 
future of cancer research — 


Come Join Us! 


Earle A. Chiles Research Institute 
Robert W. Franz Cancer Research Center 
Providence Cancer Center 

Portland, Oregon 


Faculty members with laboratory-based programs include: 
© Bernard A. Fox, PhD 

Generation and effector mechanisms of anti-tumor T cells 
© Hong-Ming Hu, PhD 

Presentation of tumor antigens and immune 

‘escape mechanism 
© Edwin B. Walker, PhD 

Immunological monitoring: memory T cell 

regulation in cancer 
* Andrew D. Weinberg, PhD 

Immunomodulation with OX40 agonists 


Faculty members with clinical-based research programs 
focused on melanoma, gastrointestinal malignancies, 
genitourinary malignancies, and lung cancer include: 

© Walter J. Urba, MD, PhD 

= Brendan D. Cur, MD 

Todd Crocenzi, MD. 

‘Our new building, which will open in early 2008, will 
‘eventually triple the size of our research facility, There: 
will be state-of-the-art facilities for preclinical tumor 
models, basic science research, human immunological 
‘monitoring, and an inirastructure to perform all phases of 
clinical research. 


PROVIDENCE 
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UNIVERSITY OF 
HEALTH SOUTH FLORIDA 


ju » 12901 Bruce B. Downs Bivd, MDC 02 - Tampa, FL 33612 


Associate Dean for Graduate and Postdoctoral Affairs 
University of South Florida - Health College of Medicine 


University of South Frida Heath invites aoninations and apicatom for the portion of an Asate Dea for 
Graduate ond Prado States, Cage of Moline. Univer of Soh Fhana he tlre wives nthe 
southeast and aoe the tp 20 lags inthe ato with ver 42.600 sade Th Case Foundation aks USE in 
{So op tr of maton mocach univers, gencraing Mowe thn $310 mv aneualy im exrarul fre 
Reporting © the Vice Dean for Research, Gratuate and Posloctral fais, the Associate Dean has fall 
‘dminstave and fiscal responsiblity for the successful operation of the various components of th graduate 
[rogram fs addition, the Amwocite Dean provies leadeep with respec othe Vision of graduate education 
Uhithin th Colle ge'School hraigh shared aealemic governance. scape for dceiying snd revo ine 
irsttutioal responses to new tees in higher education and pontlotorl Waiing and ts charged with dhe 
Ps program natives at sch tcapnd radvae sce access ad emo an eae 
te number of powcr tines, 
Minit qualifications include an camed doctorate ia one of the Biomedical sciences ftom an accredited 
institution ad five years experience af the Aswociate Profesor fvel or phe. Preeied yoalficaons and 
taperince are expeence with sakpc planning andthe development and promote of pralasc and cerca 
prograns inthe bomediealscctee: academic expenence a tbe Full Pater evel ana dstingusd cond 
‘i acholaly activiy, continuo extramural funding. and ruiste eaching expericace i 8 mia graduate 
‘uriculum A cond of untamed accomplishments evidence of leadership it hk field and = Gemessticd 
‘commitment to graduate edicaton and ponuloterl Waiting is aso deuied. as the aby 40 promote and 
function succesfuly in an envionment of colabeatvecolleiahty and diversity and. knee Of es and 
ies challenging higher educa. 
Applications, nominations and letters of interest shoul! be emiled by June 1. 2007 w Ms. Vanessa Ayer 
(ager @hhesithantedu) The review of racials will gin smmciately and wil comtiuc wil Uae postion 
Filed For more information about this positon andthe application oces plese visit this websie 
Ipeirvearchheath wsCedwemply meal ml 
USF Heaths commited 1 increasing is diversity and wil give indivlual consideration to qualified applicants 
for this pasion with esperece in chica diverse sctang, wo possess vane language ails ct who base 
{record reuwch aut tht supporUbene iver communities taching adver asim pops, The 
Unies South Fos an Eg Oppo” Aematve Ato al Acs tation. For day 
accommodations contact Vanessa Ayer 8119748299 within Says a eve. According to Feria a, scant 
‘coms ocluding apcabon and scach Somer meetings, ae open to he pbc 


SENIOR ASSOCIATE DEAN FOR RESEARCH 


chool of Engineering 
Virginia Commonwealth University sccks a senior associate dean for research in its School of Engineering 
and invites applications/neminatons for this position. The Schoo of Engineering was funded! in 1996 ane 
Stands ay a remarkable example of public private purtmerbip. The School curently comprises five 
partments - biemedcal engineering, chemical and lie scenes engingering. computer science. clctica 
‘an computer engincern ‘engineering. Ie current enrollment HOD undergraduate and 
200 graduate stents with a faculty of 45, 
‘The Position: Reporting to the dea of the School of Engincering, the senior associate dean will be 
responsible for providing vison an! leadership in achicving the School's obyectives for substanal growth © 
thesize and scope of sponsored research, Over the next seven years the School will crea i undergrads 
enrollment by 70%, is graduite enrollment by SOF, and its faculty by 100%, The senior associate dean foe 
research will develop and implemen progras to enable the School to inrease 4s anal extemal rescarsh 
furading from $5 million wo $20 million ever the same peri. Working with the dean ane faculty the senior 
aasociate dean for research will asst in the recruitment aad! Fetenbon of outstanding janie fact) ral snice 
Faculty capable of achieving this cbjectve. The Schoo!s statepi plan places particular cmphas® on gm 
‘of basic and applied research related to clinical medicine. The snice ascciate dean for research wil work 
closely with his/her counterparts in the VCU Schools of Medicine, Dentsty, and Pharmacy 19 develop 
proposals for major gramts inthis area, The senior associat dean will bea member of the sence leadership 
team for the Schoul and University and will represent the Schoo all masters late i its rscarch mission 
‘Qualifications: An camed doctorate in engincering or a related discipline is requiced The successful 
CGalidte will have demonstrated management an leadership accomplstmncets va a progression of faculty 
land alminitative roles and demonstrated succes an acing mntedsciplinary tears an Mapoe projects, She Me 
Will have established an outstanding record of teaching and exteraly-finda research sufficient for a tered 
appointment in one ofthe School's academic departments. Strong skills in wien and oral communication 
are essential, Experience in an industral research anal developement seting ts highly desiaNe. 
Application/Nominations: Applicants should submit a statement of interest and curriculum vitae along 
With four references to: Chair, Senior Associate Dean of Research Search Committee, Virginia 
Commonwealth University, School of Engineering, GOL West Main Street, P.O, Box S43068, 
Richmond, Virginia 23284, Letters of nomination may be mailed to the same address. The search wil 
‘continue until the position is filled 
VCU is an Equal-Oppornmity Affirmative Acton Employer. 
Wren, minorities and persons with disabilities are strongly encourased to apps: 


{) Weill Cornell Medical College 


Faculty Positions in 
Theoretical Neuroscience 


The Institute for Computational Biomedi- 
eine at the Weill Cornell Medical College 
(Manhattan campus) invites applications 
for tenure-track faculty positions at 
the Assistant Professor level or higher, 
Applicants should have a broad range of 
achievements in theoretical approaches 
systems biology, with a strong emphasis 
‘on neuroscience. Heshe will be expected 
to build an exciting, first-rate research 
program, 1 participa 

graduate students and postdoctoral fel- 
ows, and to interact with a thriving, 
rapidly growing, group of theorists 
experimentalists, working at all levels of 
systems biology- molecular cellular, multi- 
cellular and behavioral 


Junior Fellow Positions in 
Theoretical Neuroscience 


The Institute for Computational Biomedi- 
also invites applications for Junior 
Fellow positions, These are targeted for 
scientists of outstanding promise, 
iy atthe advanced postdoctoral level 
= scientists withthe drive, perseverance,and 
history of accomplishments to suggest that 
ey will, in the long run, make fundamen: 
tal contributions to scientific understanding. 
Once chosen, Fellows are free to pursue 
fines of inquiry that interest them within 
the field. The fellowship offers the oppor- 
tunity to pursue research independently 
and intensely, free from the burdens of a 
andard faculty position (teaching, rant 
writing, administrative responsibilities, 
tc.) Current positions are for 2-3 years and 
target theoretical neuroscience; successtll 
and productive Fellows will be considered 
prime candidates for tenure-track faculty 
positions 


Applications for both faculty and fellow 
positions should be received by Oct, 1, 2007 
and inchide a curriculum vitae, a two-page 
summary of past research a plans, 
id repeints of two or three key publica 
tions. The application and three letters of 
recommendation should be sent to: 
‘Cornell Junior Fellow/Theoretical 
Neuroscience Faculty 
Search Committee 
c/o Jennifer Cameron 
Manager of Faculty Recruitment 
Weill Cornell Medical College 
1300 York Avenue, Box 27 
New York, NY 10021 


For information about the Institute for Com- 
putational Biomedicine (ICB), see 
‘nttp://ieb.med.cornetLedu 


For information about neuroscience 
research at Weill Cornell, see: 
hutp//neuroscience.med.cornell.cdu/ 


Cornel is an Equal Opportunity 
Affirmative Action Employer 


ScienceCare 


The University of North Dakota 


‘School of Medicine 
& Health Sciences ) 


CHAIR 
DEPARTMENT OF ANATOMY AND CELL BIOLOGY 


‘The University of North Dakota School of Medicine and Health Sciences invites applications and 
nominations for the position of CHAIR of the Department of Anatomy and Cell Biology. We seck 
an outstanding medical scientist with a strong research record, including extramural support, and a 
‘commitment fo excellence in teaching undergraduate, graduate and professional medical and allied 
health education. The candidate will be expected to complement, expand and strengthen existing 
areas of research in the department and may utilize the state-of-the-art imaging facilities, including 
{Zeiss LSM $10 META confocal system and a Hitachi 7500 TEM and 4700 field emission SEM. 
‘A new MicroPET and Cyelotron, a dedicated small animal research facility and a Genomics and 
Proteomics facility are available at the University of North Dakota School of Medicine and Health 
Sciences. The applicant should possess interpersonal and leadership skills in mentoring faculty, 
directing students and performing administrative duties 

‘The Chair will oversee a department whose active research interests include neurosciences, and 
cell and cancer biology. The department offers M.S.. Ph.D., and M.D.Ph.D. degrees and numerous. 
traditional anatomical courses atthe graduate level, instructs first and second year medical students, 
‘nd provides undergraduate courses to allied health and non-majors. Further information is available 
at: Nttp:/www.med.und.nodak.edu/depts/anatomy/ 

‘The University is located in Grand Forks and curently enrolls over 12,000 students. Grand Forks isa 
faily-fiendly community ina region offering excellent and rapidly expanding cultural, recreational, 
‘and sporting activities. To lear more about the University of North Dakota and Girand Forks vist: http 
‘sow waundedu and http://www.grandforksgov.com. 

Review of applications will begin March 1, 2007 and the search will remain open until the position 
is filled. Applicants should submit a detailed curriculum vitae, a letter of interest outlining prior 
‘experience, research interests teaching philosophy, plans forthe future and the names and addresses 
‘of three references to: Joshua Wynne, M.D., Professor of Internal Medicine, Executive Associate 
Dean, Associate Dean for Academic Affairs, and Chair of the Search Committee, c/o Office of the 
Dean, School of Medicine and Health Seiences, University of North Dakota, Stop 9037, Grand 
Forks, North Dakota $8202-9037, or E-mail electronically to: aebseareh# medicine.nodak.edu. 


The University of North Dakota is an Equal Opportunity/Affrmative Action Institution 


‘THE UNIVERSITY OF FLORIDA 
COLLEGE OF MEDICINE 


Chair, Department of Neuroscience 


‘The University of Florida College of Medi 
invites applications and nominations for the 
position of Professor and Chair in the Depart- 
‘ment of Neuroscience. The department has 3 
mission within the college of both researc 
id teaching responsibilities. The depart- 
‘ment has 24 primary faculty members with 
research interests i all aspeets of neuroscience 
(www.ncuroseience-ufledu). The department 
{is housed within the McKnight Brain Institute 


successful candidate will have a Ph.D., M.D, 
oF M.D.Ph.D, degree. We seek an ace 
plished scholar with a distinguished record of 
‘esearch, intemational recognition, leadership, 
and administrative skills 


The review of applications will begin on 

March 30, 2007 and will continue until the 

position is filled. Applicants should provide 

a Ketter of application, curriculum vitae and 

the names of three references via email 10 

chia phys.med.ufledu or by mail 

food, Ph.D.. Chair, Search 

mmnittec, Box 100274, Department of 
Physiology 

University of Florida, Gainesville, 

32610-0274. 


The University of Florida is an Equal 
Opportunity Institution 


FACULTY POSITIONS 
Hematopoietic Stem Cell and Leukemia Research 
City of Hope National Medical Center 
‘As par of its ongoing expansion, the City of Hope National Medical Center/Beckman Research Insti 
tute and Comprehensive Cancer Center have established a new Department of Hematopoietic Stem 
Coll and Leukemia Research, The mission of this department is t build a program of excellence in 
‘basic and translational hematopoietic stem cell and leukemia biology, and provide an infrastructure 
to translate novel therapeutic approaches from the laboratory tothe clini. We invite applications for 
faculty postions at the Assistant or Associate Professor level. Exceptionally well-qualified candidates 
At a more senior level may also be considered. Potential areas of research emphasis include, but are 
‘ot limited to, self-renewal and differentiation of normal and leukemia ste cell, idemtfication of key 
‘molecular mechanisms of transformation; preclinical studies of molecular targets; hematopoietic stem 
cell-based therapeutics, and human ES cell based modeling of normal and leukexnic hematopoiesis. 
This program will complement and support our outstanding clinical Hematopoietic Malignancies and 
Hematopoietic Cell Transplantation Program, 
Appointees will have a primary appointment in the Department of Hematopoietic Stem Cell and Leu- 
emia Research, within the Division of Hematology and Hematopoietic Cell Transplantation. and may 
also be appointed to City of Hope's NCI-designated Compechensive Cancer Center. Generous start- 
up packages will be available. Appointces may also participate in the Graduate Schoo! of Biological 
Sciences, The Beckman Research Institute provides an environment that encourages interdiseiplinary. 
collaborative interactions witha rich set of core resources (described in httpu/www.cityofhope-org/ 
bricob/shared_resources.asp). Candidates should have a Ph.D. or M.D, degree, postdoctoral experi- 
‘ence, and the potential to establish, orto have established, an independent research program. Applicants 
should subwnit a curiculum vitae a statement of research interests and plans, and the names, addresses 
and telephone numnbers of atleast three references (who may, optionally submit their letters) to: 
‘Hematopoietic/Leukemia Stem Cell Search Committee, c/o Dr. Ravi Bhatia M.D., Director 
Department of Hematopoietic Stem Cell and Leukemia Research 
Division of Hematology’ and Hematopoietic Cell Transplantation 
City of Hope National Medical Center 
1500 E. Duarte Road, Duarte, CA'91010-3000 
E-mail: bnotthoffa coh.org 
The City of Hope is an Equal Opportunity Employer. Women, minorities, veterans, and disabled 
persons are encouraged to apps 


ASSISTANT/ASSOCIATE/ 
FULL PROFESSOR 
DIABETES, CANCER, NEUROSCIENCES, 


‘The Wayne State University Department of 
Pharmaceutical Sciences invites applications, 
fora 12-month, tenured or tenure-track position 
atthe assistant, associate or full professor level 
‘Applicants should possess a PRD in pharmaceuti- 
cal sciences or a related discipline, or an MD or 
equivalent degree. Preference will be accorded 
applicants with incrdseiphnary rescarch interests 
complimentary to existing departmental research 
frograms in diabetes, cancer and neurosciences. 
‘Outstanding candidates from other areas will be 
strongly considered. The succesful applicant is 
expected todevelopa vigorous, externally funded 
research program and provide high-quality te 
‘ing in the PhD and PharmD programs. Highly 
competitive star-up, compensation and benefits 
are offered. The department occupies stateof-the- 
at labs in a new building onthe School of Medi- 
sine-Detroit Medical Center campus, with out- 
standing opportunities for translational research 
collaborations. Visit www.ephs.wayne.edu/ 
‘prcdntl for department informatica, Application 
review will begin in lale March and conlinge until 
the positions filled, with an anticipated start date 
of Fall 2007. Candidates are asked to submit an 
clectronic application including cover letter eu 
riculum vitae and research plan through the WSU 
(Onlin: Hiring System http:/jobs.wayne.edu and 
search under Department I11822-Pharmaceutical 
Sciences. Wayne State University is a premier 
institution of higher education offering more 
than 350 academic programs through 14 schools 
and colleges to more than 34,000 students in 
metropolitan Detroit. Wayne State University is 
«an Equal Opportunity Employer 


Department of Health and Human Services 
National Institutes of Health 
National Institute on Aging 


Statistical Genetics Director 


The National Institute on Aging, a major research component of the 
National Institutes of Health (NIH) and Department of Health and Human 
Services, is reeuiting for a Staff Sciemtist-Facility Head who will serve as 
the Statistical Genetics Director of the Laboratory of Genetics (LG) ofthe 
tramural Research Program (IRP). The incumbent will be responsible f 

collaborating in and coordinating statistical genetic and epidemiological 
analyses of aging-related human conditions and diseases. The collaborative 
‘esearch includes the adaptation or development of new analytic programs 
‘with participation in an interactive group studying genetic and epidemi- 
ological data for selected aging-related phenotypes. in the Baltimore 
Longitudinal Study of Aging: in other outbred populations: and, in the 
Saninian "founder population”, Accordingly, the duties of this postion 
‘require the applicant hold a Ph.D. and have atleast 2 years of additional 
postdoctoral experience in statistical genetics, Applicants must have a 
record of scientific accomplishments, including excellence in statistical 

tic analyses and qualifications develop, update, and manage statistical 

J analysis software. 


Salary is commensurate with experience and accomplishments, ‘The 
salary range for Staff Scientists is $79,397 - $139,687. A full Civil 
Service package of benefits (including retirement, health, life and long 
term care insurance, Thrift Savings Plan, etc.) is available. Applicants 
‘must send curriculum vite, bibliography. and three letters of recommenda 
tion to: Chait, LG ‘Statistical Genetics Search Committee 
Vacancy # NIA-IRP-07-01; clo Pe the, Intramural Progran 
Specialist; OMfce of the Scientific Director, National Institute on Aging, 
$600 Nathan Shock Drive, Baltimore, MD 21224. Applications must be 
received before Apeil 30, 2007, If additional information is noeded. 
please call 410-558-801 2 or email: grothepa@gre.nia.nih.gov. 


DHHS and NIH are Equal Opportunity Employers 


eel 
Faculty Position in Vascular Biology 


Our aptly growing vascular bilogy program is Intorosted 
ln dynamic and enthusiastic prolessionals who wit become 
futuro leaders in tho field of endothalal biology. AS part of 
the expansion, a new state-ol-the-art 300,000 square-foot 
fecoarch building has bean opened rocently to house the 
CChidcon's Research Insitute and expanded faciites for 
Medical Collage of Wisconsin faculty It is expectod that the 
tonuro-rack appointment wil comploment existing research 
‘expertise in the Insttute. kgble candidates are expected o bo 
PRD. or MD/PhD. and wil be hired atthe rank of Assistant 
Protossor. Candidatos wit K or ROO level tuncing are profoned 
but not required. An attractive start-up package willbe provided! 
to tacitate program development. Pioase submt résumé, 
research plan, and names of three releronces to: 


Ramani Ramchandran, Ph.D. 

Associate Protessor 

Medical College ot Wisconsin 
Department of Pediatrics, Genetics Division 
CRI Developmental Vascular Biology Program 
‘Translational and Biomedical Research Center 
‘cI C3420 

{8701 Watertown Plank Road « P.O. Box 26509, 

Milwaukee, Wi 53226 

Email: rramchan@mew edu 
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Research Assistant Professorships 
and Post-doctoral Fe 

Applications are invited for a number of positions as Research 
‘AtSistant Professor (RAP) (Ref: RF-2006/2007-438) and Post 
dlctoral Fellow (PDF) (Ref, RE-2006/3007 436), a the University 
‘or before February 29,2008, Appointments wi 

the made for period of 2 to 3 years 

PDF ponts ate created specifically 


ement, RAP/ 
mts) 


+ School of Humanities 
+ Centre for the Advancement 

of University Teaching 

Faculty of Education Psychiatry 

Civil Engineering Research Centre of Heart 

Law Brain, Horimone and Healthy 

Anatomy 

Biochemistry 

Chemistry 

Barth Se 
Ecology and Biodiversity 
Institute of Molecul 
Technology for Drug 
Discovery and Synthesis 
Physics 
Zoology 

The Hong Kong Jockey Club 
Centre for Suicide Research 
and Prevention 


entre for Cancer Research 
Centre for Reproduct 
Development and Growth 

+ Clinical Oncology 
Medicine 


The main focus ofan RAPS duty is research, RAPs can howev 
he aanigna some teaching dies upto 0" of the nonma 
load, ‘Applicants should be research active and have a proven 
Publication record. A highly competitive salary commensurate with 
{vabifcations and expericice wil be offered, with a contract 
ratty and University contribunion (oa retirement benefit scheme 
Kotalling up to 19% of basic salary). Anna leaves and medical 
al benefits wl alo he offer. 
expected to devote fulltime to rescarch, Applicants should 
be doctoral degree hoklcrs having undertaken orignal research that 
tas contributed tothe bady of knowledge. A highly competitive 
Salary commensurate with qualifications and expericnce will be 
ofered. Annual leave an mcdical benefits wil also be available 
- 
oxpective applicants ae invited to visit the following webpage 
<hitpe:/Aew ik ikappeunit> to view the full Ws ofthe 
home Facultie/Depa 
‘thich RAPIPDE positions are curly avalabe, Before preparing 
xn application they should contact the Head oft 
acaderatc unt to ascertain tha ther research expetise matches 
for which 2 vacant RAPIPDE pout i available 
st submit a competed Univenity application form, 


publications. research proposals, ete 
Further particulars and application forms (272/30: 

he obtatued at htips://www bku.bk/apptimit/: or from th 

Appointments Unit (Senior). Registry, The University of Hong Kong, 
Hong Kong (Fax (852) 2540 6738 of 2559 2058; E-mail 
scnrappt@hkuce ku hk), Closes March 34,2007. Candidates who 
are not contacted within 3 montis of the closing date may consider 
their applications unsuccessful 
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Dunedin, New Zealand 


Postdoctoral Fellowship 
(Mathematical Modelling of Polar 
Marine Hydrodynamics) 

(Three year Fixed-term) 


iment of Mathematics and Statistics 


“oplcalions are invited to fil Postdoctoral Flloship positon suppoted on 
the Marsden Fund grant Advances in Ocean WaveSea-ke Interaction Towards an 
Operational Model and tenable fm 3 September 2007. The sucessful applicant 
willhave completed a PRO related tothe mathematical modeling of beterogereoes 
fatng compliant bodies such a ice foes andr very large floating structures 
They will have 2 fist degree in Mathematics and experience in variational 
methods, integral equations, numerical solution of dieretal equations 
and algebraic systems, and complex variable theery metheds such as the 
‘Wene Hopf technique 

Speci enguiries about this vacancy or the Depatient may be drected 
to Professor Vernon Squie, Po-Mce-Chanclo Divsion of Scenes, 
Tel +643 479 7977, Fax +643 4799045, Eni vero sae stonetow tga ac 
Reference Number: AO7/30 Closing Date: Friday 16 March 2007. 
APPLICATION INFORMATION 

With each application you mus include an application form, an EEO Information 
Statement, a covering lte, contact details for three referes and one copy of 
our full curiculum vitae. For an application form, EEO Information Statement 
and a ful job description xo te: wootago.ac.naobs Aternatively, contact 
‘the Human Resources Division, Tel +64 3 478 8268, Fax +64 3 478 8273, 
Email ob. applications €@otag. acne 


(Cee tyne tery 


TENURE-TRACK FACULTY POSITION 
IN NEUROSCIENCE, 


As part of an ongoing major expansion in biomedical research, Virginia 
‘Commonwealth University Medical Center invites applications for tenure 
track faculty positions (F2060-F2062) in the areas of cellular, molecular 
‘or translational neuroscience or neurogenetics. Candidates should have an 
active neuroscience research program with a record of stained research 
productivity: More senior candidates should have curren extramural funding, 
‘Candidates wll be considered forthe rank of assistant to Full professor, based 
upon qualifications and experience, Applicants should have a M.D., Ph.D, 
‘or equivalent degree and will be expected to contribute to the University’s 
teaching mission as well as develop Vigorous collaborative efforts with other 
\VCU researchers Departmental affiliation will depend on the applicant's 

‘of research and interests. VCU neuroscience research is divided across sev 
eral programs having national prominence in terms of NIH-funded research 


ranking. Major areas of strength include developmental neuroscience and 
signal transduction (Dept. of Biochemistry), psychiatric g 
stance abuse escarch (Depts. of Pharmacology/Toxicology and Psychiatry. 


Institute for Drug and Alcohol Studies and Virginia Institute for Psychiatric 
and Behavioral Genetics), traumatic brain injury (Depts. of Anatomy 
Neurobiology and Neurosurgery), and epilepsy (Dept. of Neurology), How. 
ever, this search also invites outstanding applications from other aspects of 
neuroscience, expecially neurodegenerative neuro-oncology 
More information about the University and this open position ean be Found 
at www.vew.edu and www pubinfo.veu.edulfacjoby. 


Applicants should submit a CV, names and e-mail addresses of tres refer 
ences, anda summary of research and teaching interests to: Michael F, Miles, 
M.D., PhD., Departments of Pharmacology/Toxicology and Neurology, 
Virginia Commonwealth University, P.O, Box 980599, Richmond, VA 
23298-0613. Matcrals should be submitted electronically to; Mr, Harold 
Greenwald, haroldgia veu.edu. Review of applications will begin imine 
diately and Continue until the positions are filled but submission by June 
1S, 2007 isrecommended for full consideration, 


CU isan Equal Oppornnity’Affirmative Action Employer and 
encourages women, minorities and persons with disabilities to apply 
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culty Opening Fall 2007 
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Center, The candidate should 

have an MD and/or PhD in a 

relevant discipline, have an established record 
funding in sma ime 


sition in either 


NUTRITION or MOTOR CONTROL, 
DEVELOPMENT & LEARNING 


The Aroliod Heal Science Deputct f 
College is searching for at outstanding 
Rubin, smog wick funky tender a 
‘alata oe asuoiate professor level with eapertse 
in nutriion or motor contol development and 
learning. The perio will be expected to teach i 
hier area of spc, develop eketve cours 
an! mmittinuscbolaship agerda. The depart 
is) focused) on human health and. lfestyle; 
experience inthe appliedelinicalseting. is 
pretered anda doxtorat regu 
Deasline foe applications is Api 12.2007, 


"The appoiniment is intended to begin July 1, 2007 
Applicants should send curiae vita and a 
deen of the teaching py and researc 
lmmorets fo: De. David tanuzzn, Chair: Applied 
Health Science Department; Wheaton Cabege: 
‘501 College Avenue: Wheaton, IL 60187 or e-ai 
‘avidlanuran wheatoneds, 


Additional aplication materials will be seat to 
ligible candidates 


The National Renewable Energy 
Laboratory is recruiting outstand- 
ing candidates for a Structural 
Biologist position. We are partic- 
ularly interested in candidates 
with expertise in x-ray crystallog- 
raphy, and strong interests in 


understanding the structure, 
dynamics and function of biologi- 
cal and biomimetic systems relat- 
ed to renewable energy. For addi- 
tional duties, requirements and 
application instructions, please 
see our website at: 


www.nrel.gov/employment 
. 
Kan 
1 
©: NREL 


NREL is an equal opportunity employer 


‘and drug-free workplace. 


SS 


with a clear path to cli 
have demon eracting 
within a multiiseiplinary tearm, Substantial 
resources wil be available to recruit additional 
ty, staff and needed equipment. Appoint 
‘ment will be toa tenure-track or emured posi 
tig at the level of associate of full professor 
in an appropriate department, The candidate 
will be expected to recruit, onga 
n active, rescarchoriented cen 
initially of PET and MR faci 


ie and lead 
consisting 


‘mately incorporating all ima 


Experience in clinical imaging research is 

desired but not critical. The candidate will 

d to establish and foster col 

ns with multiple research groups 

cour lange academic medical center and 10 

a strong extemal funding base for 

lates should 

‘of interest 

indicating their eurremt and future research 

goals, and names of three references to: Ken- 

neth Kendler MD at Kendlera veuedu of 

Department of Psychiatry, VCU, PO Box 
980126, Richmond VA, 23298 USA. 


VCU is an Equal Opportunity/Affirmative 
Action Employer. Women, minorities, 
‘and persons with disabilities are 
encouraged 10 apply 


HOUNT sie SIX FACULTY POSITIONS 
AaDIeine ASSOCIATE/FULL PROFESSOR TENURE TRACKS 
IN GENETICS AND GENOMIC SCIENCES 


© Genomics & Gene Discovery: Genetics of Complex Diseases and Aging 


© Statistical Genetics/Genetic Epidemiology & Bioinformatics 


Go further than 
you ever imagined 
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International 
(2:12 weeks dura 
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ScienceCareers.org 


TEXAS TECH UNIVERSITY 


HEALTH SCIENCES CENTER 
School of Medicine 


Endowed Chair/Tenure Track Faculty Position for 
‘Oncology and Cancer Research 

The Texas Tech University Health Sciences Center and the Southwest 
Cancer Treatment and Research Center in Lubbock are seckin 
cations for a tenure track clinical scientist position at open r 
successful candidate will hold primary appointments in an appropriate 
clinical department and the Department of Cell Biology and Biochemistry 
as well asin the Graduate School of Biomedical Sciences and will be the 
recipient of an endowed chair for oncology and cancer rescarch. We seck 
‘outstanding candidates, with recognized clinical skills and leadership abil 
ity to establish a robust clinical cancer and 
that will have strong interactions within group of basic cancer bil 


tional esearch program, 


‘with interests in tumor biology. signal transduction, immuno! 
resistance and protcomics. Candidates must hold an M.D. 
oF M.D,Ph.D., have post-doctoral experience, a trong record of cancer 
research achievement, preferably with current national-level funding. be 
willing to spend a majority oftheir effort on research activities, and be 
cligible for a Texas medical license 
Applicants should include a cover letter, current CV, a summary of clini 
cal and research accomplishments and interests, and names and contact 
information for four references to: 
Dr. HAW, Weitlaut 
Professor and Chair 
of Cell Biology and Biochemistry 
calth Sciences Cent 
subbock, Texas 7424 
Phone: (806) 743 2701 
citlaufa ttuhse.cdu 
Applications from women and minority candidates 
‘are particularly encouraged. 


Faculty Positions in Environmental Toxicology 
of the Nervous System. 
Department of Pharmacology and Toxicology 
Center for Environmental Health 
‘Stark Neurosciences Research Institute 
Indiana University School of Medicine 
‘The Department of Pharmacology and Toxicology of the Indiana Unive. 
sity School of Medicine in Indianapolis in partnership with the Center for 
Environmental Health (CEH) and the Paul and Carole Stark Neurosciences 
Research Insitute (SNRI) announces a search for new faculty in the areas 
‘of molecular mechanisins underlying the impact of environmental toxins on 
the nervous system. This effort is art of amajor expansion of environmental 
health esearch over the next several years. The partnering organizations seck 
outstanding individuals for faculty postions atthe Assistant oF Associate 
Professor level. More senior individuals with exceptional eedentals may be 
considered. APR. andior M.D, degree and atleast 3 yeats of postdoctoral 
research experience are required, and strong evidence of productivity and 
rant support are desirable. Of primary interest are candidates who employ 
pharmacological, molecular, genome proteomic andor chemical approaches 
to the study ofthe impact of environmental toxins on physiological and 
Pathological processes with emphasis in the neurosciences, Competitive 
start-up packages include ample laboratory space and access to exceptional 
core research facilities. Successful candidates willbe expected to develop 
strong extramurally supported research programs, contribute 1 an already 
strong, collaborative research environment and to excel in mentoring grad 
ate and postgraduate trainees, More information about the department and 
partnering centers ean be found on our websites (pharmtos.tusm.tu.edu, 
«ch.Ju.edu and snriusm.tu.edu) Interested individuals shoud send a 
curnculumn vita, a research prospectus, and the names and addresses of 3 
references. Application materials wll only be accepted in electronic Format 
by submission to the attention of Newrotoxicology Search Committee a 
cchinfofe iupuiedy 
Wie encourage applications from women and other underrepresented 
groups. In ation, ti the University policy to provide reasonable 
‘accommadations for qualified persons with disabilities. 
Indiana University isan EEO/AA Employer, MF/D. 


INSTITUT PASTEUR 


Institut Pasteur, Paris, France 


POSTDOCTORAL FELLOWSHIPS 
Institut Pasteur, Paris, France 


Founded in 1887 by Louis Pasteur and located 
in the heart of Paris, the Institut Pasteur is a 
world-renowned private research organiza 
tin. The Pasteur Foundation of New York is 

‘outstanding Fellowship Applicants. 
Candidates may apply to any laboratory 
within 10 departments: Cell Biology and 
Infection; Developmental Biology; Genomes 
‘and Genetics; Immunology; Infection and 
Epidemiology; Microbiology; Neurosei- 
‘ence; Parasitology and Mycology; Structural 
Biology and Chemistry; and Virology. See 
website for details, 


Fellowship package is $60,000 per year for 
three years. U.S. citizenship required. This 
is a biannual call; next application deadline: 
September 7, 2007 


htp:/iwww.pasteurfoundation.org 
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ScienceCareers.org 


We know science NVAAAS 


From physics to nutrition 


For careers in science, 
turn to Science 


Looking fora great 
science career? 
‘ —_ 


If you want your career to bear fruit, don’t leave it to firmly founded on the expertise of Science, the premier 


chance. At ScienceCareers.org we know science. We are scientific journal, and the long experience of AAAS in 
committed to helping you find the right job, and to. advancing science around the world. ScienceCareers.org 
delivering the useful advice you need. Our knowledge is _ isthe natural selection. WWW.SCiencecareers.org 


Features include 


* Thousands of job postings» Resume/CV Database ScienceCareers.org 
* Career tools from Next Wave» Career Forum 


We know science 


* Grant information 
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POSITIONS OPEN 


ASSISTANT PROFESSOR 
‘Anatomy 

The Department of Biological Sciences at San 
José Stare University (SJSU) secks applicants for a 
‘TENURE-TRACK postion to start on August 21, 
2007, 

Applicants must have a Ph.D. degree in the an- 
atomical or physiological sciences and experienas in 
taadaver-based anatomy. Ability to teach courses in 
histology, embryology, and/or neuroanatomy i 
dlesiablc. ‘The sucessful candidate will paeticipate 
in teaching anatomy and physiology courses for non- 
‘majors and will teach in courses for biology majors 
and graduate students. Applicants must have a proven 
record of potential for excellence in teaching. The 
successful candidate must address the needs of a 
student population of great diversity, in age, cultural 
background, ethnicity, primary language, and aca 
demic preparation. Applicants: must have research 
fexperience and publications in their discipline. The 
successful candisare must have the ability to estab 
Tish an extramurally funded rescarch program ia 
vol oo and MS. gr 

rh collabors 


‘Opportunities for external 
sik. nearby,biotechology. com 
‘universities, Moss Landing Marine 
and NASA Ames Research Center 

leration, send a letter of application, 


ccurricuhim vitae, official university graduate and 
tundergriduate transcripts, statement of teaching. 
interests/ philosophy and research interests, and at 

ee original letters of reference with cor 
tact information to the Anatomy and Physiology 
Search Committee at the: Department of Bio- 
logical Sciences, San José State University, One 
Washington Square, San Jose, CA 95192-0100, 
Please include job requisition number JOID 012165. 
fon all correspondence, Review of applications will 
‘commence on March 15, 2007, and continue neil the 


position is filled. Website: hetp://www.jsu.edus/ 
epts/ Biology. SJSU! a Lipa’ Cppernonty Afi 
Arto imple comida es of ho, 


sl rt db 


PHARMACEUTICAL SCIENCES FACULTY 
POSITIONS. 
University of Southern Nevada 
‘College of Pharmacy 
South Jordan, Utah Campus 

The Unhersiy of Southern Nevada College of 
harmacy has etl rogram inthe Salt Lake 
Gi, Utah, area and is secking applicants for fll 
time faculty ponions a the Ural campus in the 
reas of buohemistry medina chemsery and phar 
imaceutics, Responsiilitis include teaching. in 
bloxks and elects related to your dipline, pa 
Tiating in research and scholalyendewous, and 
Pviding serie to the Colee and the commit 
‘Minn requirements nce a PhD. dees tn 
cmsty, immunology. medicinal cheney, 
pharmaccutich ora reed dadpline, Succ can 
Aide shoukd have exceot Communication sis 
dial an interest in reathe and nontradional ead 
ing methods. Documented cvilence of research or 
tthe scholaty inate segue. Salary sa rank 

wil depend on gualiiations and experince 
nt of edctaal phfonophy, ad contac infor 
ination for tree profesional relrences to. Tyler 
ose, PhD, University of Souther Nevada Cal 
lege of Pharimacy, 109208 River Front Parkway, 
South Jordan, UT 84095; e-mail trose@usn.cda. 


An Affimatie Acton Equal Oppotinity Employer 
POSTDOCTORAL POSITION 
Cancer Research 


For US. citicen/permanent resident for training 
grant finding at Johns Hopkins University School of 
Medicine. Please send curriculum sitae and three 
references to: Dr. L, Resar, Johns Hopkins 
Ui School of Medicine, 720 Rutland 
Avenue, Ross Research Building, Room 1025, 
Baltimore, MD 21205, e-mail: Iresar@jhimi.cdu. 
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degree, an excellent recond of research accomplish- 
‘high quality teaching. Applicants for 
Poot bee bole 
poe es rae reel 

repeat 
lee ee 
Sees 
aleee 


fF rescarch at 


ip to three rep 
‘reprints, and at feast 
ences to: Dr, Francisco Alvarez, Chair 
faculty Search Committee, Department of 


a Afiemstive 


FACULTY in TUMOR IMMUNOLOGY 
The San Antonio Cancer Institute, an NCL 
designated Cancer Center, seeks tumor IMMI 
NOLOGISTS to join the Divison of Medical 
Oncology, Department of Medicine at the Univer 
sity of Texas Health Science Center at San Ante 
(UTHSCSA). A strong record of accomplishment in 
Ihasic research is essential Candidates must qualify 
{oe appointment as ASSISTANT PROFESSOR or 
HIGHER, Significant resources and excellent 
laborations are available to establish a competitive 
research program. UTHSCSA offer excel 
fits and competitive salaries. Send a cover kt 
Tining. future research interests, curriculum vitae, 
and three references in hard copy to: Search Com: 
mite for Tumor Immunology, Division of 
‘Medical Oncology, UTHSCSA, 7703 Floyd Curl 
Drive, MSC 7884, San Antonio, TX 78229-3900, 
for electronically t0 e-mails saci@uthsesa.ed. ll 

ny appeentments ave desgated as semtysenve pos 
Hon. UTHSCSA 6 an Espa! Employment Oppertanty 
Affomative Acton Enploye. 


POSTDOCTORAL FELLOW POSITION 

A Postdoctoral postion is available to study the 
role of the Parkinson's disease-related protein alpha: 
synucein using yeast. This position is available 
Immediately. Applicants must have a Ph.D. with ex 
perience in yeast genetics, mokcular and cellular 
biology, and microscopy. All interested applicants 
should forwan! curriculum vitac/bibbography and 
list of three references to: Stephan Witt, Ph.D., 
Department of Biochemistry and Molecular Biol. 
‘ogy, Louisiana State University Health Sciences 
Center, 1501. Kings Highway, Shreveport, LA 
71130; e-mail: swittl @lsuhsc.cdu, fax: 318-675- 
‘5180. Further details can be found st website: hrap:// 
‘eww: shrevebiochem.com. 

Lowisans Sete Univemty Heaths Scewe Crater is 
Affe Action pal Opportunity Epo 
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POSITIC 
CHAIR, DEPARTMENT of BIOLOGY 
Howard University 

‘The Department of Biology at Howard Universe 
issecking candidates for the potion of Chair ofthe 
Deparment, The Department comssts of 26 fal 
time focuky members 44 graduare scents, and 
800 undergraduate students, granting B.S. MS 
ial PhD. degrees, Candidates must have a PhD. 
degree in'a biological science accompanid by sig 
nifleant recont of teaching experience, research 
eedaciviey, and grants acquisition. Gualiied car 
Eidates should alo have experince tn plansing, 
buclgsting, and all other aspects of focal aes St 
Wells a tor vison for the Department and an une 
dervanding of and coramarvcnt to the mason of 
Howard Usivesiy. The nea of spedaation of the 
candidate open. Appicants shoukl send curic 
tum viese thar includes a dear statement fd 
tational and administrative philosophy, and arrange 
for three letters of reference ta be sent. "The deadline 
frei of marr #18 Mach 2007, Rese 

Dr. James Lindesay, Chale 
Biology Search Commitee 
ice ofthe Dean 
College of Arts and Sciences 
‘Loske Hall, Rooa 101 
‘Howard University 
Washington, DC 20089 

Founded in 1867, Howard Ui 
comprehen nscanhonc na 
Sch history and tradition of providing top-quality 
“xlcational programs for more than 10,000 under 
radiate, graduate, and profesional students Its 
Iruliple scademic schools are supported by highly 
tated technological anciiry unites The Univerty 
towns and operates 3500 bed teaching hospital an 
EM ratio station, and public television station, ‘The 

blcge of As and Scion i the Hagship academic 
nia the Univeraty that faciqates more than thirty 
jor progrates of study through the natural 
science, soil scenes, humanities, and ine a 
tisons. The Grade School develops the research 
Ailes of students sccking degrees st the Master's 
and doctoral levels Have Cries bon opal 
‘Gyyony Epler 


VISITING ASSISTANT PROFESSOR 
POSITIONS. 
in Marine Ecology and Genetics (Two Positions) 
Claremont MeKenna, Pitzer, and Scripps Colleges 
The Joine Science Deparment of Claremont 
MeKenna, Pitzer, and Scop, thece liberal atts 
in the Claremont Colleges Consort in 
Souther Calfornis, sceks to hire two siting Av 
sistant Prost. forthe 2007-2008 academic yar, 
Teaching respons 
indude an upperdiviion 
2 nonmalos™ 
clopy. and @ lecture section of the onganinal 
Csoluttonary semester of introtuctony biology. For 
two, Fesponabilites inckade an upp 
Uivsion gencis course and aborstory sections of 
both haves ofthe introictry biology course, Par 
tipation in rescarch, pariclady diecting under. 
friduae ranch projects encouraged. A'PhD. in 
logy or rlted objec, and por texting cx 


inerest, specifying which position & of interest to. 
you, and arrange to have three letters of reference 
scnt to: Temporary Biology Positions, W.M. Keck 
Science Center, 925 N. Mills Avenue, Claremont, 
A 91711-5916. Telephone: 909-631-8298. In: 
Quiries to Dr. Emil Morharde, e-mail: emorhardt@ 
jid.daremontedu. Review of applications begins 
March 19, 2007. The positions will remain open 
went filled 

in 8 continuing effort 10 rh ts acaemic ironment 
and provide equl eduatonal employment eppertniticy, the 
‘Claremont Calla acely ncuneee apie rom woe 
and enenbers of sonal wndereprsented groupe in bigier 
‘action 
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POStT 
PHYSIOLOGY EDUCATION SPECIALIST 
Applications are invited for a tenure-track AS- 

SISTANT PROFESSOR in the Department of 

Biological Sciences at Northern Arizona University 

NAU), (website: hup://www.nau.cdy 

for mote taformation om the Department and te 

Pesce candidates wil have 3 Ph.D. in physi 

ology or a related field, two years of college level 

teaching experience or oquvalent, 3 recond oF schol 

Sy acthiey ia physiology pedagogy. and a demon 

Steaved ably t0 work elestively with people from 4 

‘ancy of culturally diver background. Preference 

Will be ghen to candidates wah a demonstrated 

Sbibty to enter our teaching rotation and effectively 

“iver pliysiology education 40. an undergraduate 

Sra graduate acting. Specic teaching respons 

ites may inchale human anatomy and pbysohogs, 

animal physiology, axanced human_phisiology, 
and/or pathophyniology. The successful candidate 
is expected to establish a program in teaching: 
elated scholaly activity including (1) asscument 

Ceching tener (2) ete aplcaon 

modem pedagogical methods, and (3) being 2 de 

improvement. Ap. 


Statement of teaching philosophy, and have three 
letters of recommendation sent’ to: Physiology 
‘Search Chair, Department of Biological Sciences, 
P.O. Box 5640, Northern Arizona University, 
Flagstaff, AZ 86004. The scarch wil remain open 
‘unt position is filled or Apal 1, 2007; howevee the 

ymmittee will begin reviewing. applications on 
‘March 5, 2007. The successfill candidate is expected 
to start August 20, 2007 

NAU isan Afirmative Action/Lgual Employment 
Iperiity/Mincribs, Women, enons eth Disbiiis, 


‘Veterans Afi 


fan Dicgo Healthcare System, 3 
ive, state-of-the-art_university-affiliated 
is secking Anatomic Pathology/ 
(Clincial Pathology Boand-certiied PATHOLOG! 

The Department of Pathology, in this Colleg 
American Pathologists accredited clinical Iaboratory, 

's recruiting for a CHIEF OF ANATOMIC P/ 
THOLOGY. Candidate will posess excellent din: 
Responsible for all 
ingical pathology, autopsics, qtological examina 
tions of the bod’ fluids, exudates, and. aspirates, 
responsible for coordination of all clements of an: 
atomic pathology; and training of anatomic pathol 
ogy residents. Maintains expertise for consultation 
and guidance i matters pertaining to anatomic pa 

thology and cytopathology and is responsible 
ensuring all acthites meet requirements for accresi 
ing agencies. Candidate should qualify for appoii 
‘ment a6 faculty to the Pathology Department of 
University of California San Dicgo School of Medi 
cine. Salry /rank commensurate with experience and 
established Veterans Affrs. salary scales. Medical 
license in any state. Now-US. citizens will only be 
conidered if this wardh yields no qualified candidate 
Recruitment/relocation incentive may be autho 
rized, Education Debt Reduction Program funding 
may be available. Send curricuhuen vitae to: Lorraine 
Conn, Mail Code 113, Veterans Affairs San Diego 
Healthcare System, 3350 La Jolla Village Drive, 
San Diego, CA 92161 (telephone: 858-518" 

159). Affrmatre Aion /Espal Opposety Eimphoe 


POSTDOCTORAL FELLOW POSITION 
‘The Anatomy and Physiology Department invites 
applications for the position of Postdoctoral Fellow in 
the Tumor Physiology Laboratory (website: htrp:// 
www.vet.k-state.eduu/employment/index.htm). 
Ph.D. in cancer biology or biochemistry is required. 
Submit clectronicall curriculum vitae, short esay 
describing wicntifc expenences and /or future stad 
fhames of two to three references to: Dr. Masaaki 
“Tamra (e-mail: mamura@vet k-state.ed). Sercen 
ing of applications will begin. February 26, 2007, 
and continue until position is filled. Kansas Ste Ui 
‘remy (KSU) an Ens! Opyurtniy, Affirmative Arson 
Employer. KSU arty necks Girenity among ts employes 
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Daye Jensen 
Industry 
Recruiter 


Science 
Careers 
Forum 


* How can you write a resume that 
stands out in a crowd? 

* What do you need to transition from 
academia to industry? 

* Should you do a postdocin academia 
or in industry? 


Let ScienceCareers.org help you answer 
these questions. ScienceCareers.org has 
partnered with moderator Dave Jensen 
and four well-respected advisers who, 
along with your peers, will field career 
related questions. 


Visit ScienceCareers.org and 
start an online dialogue. 


ScienceCareers.org, 


RENC 


HOWARD HUGHES MEDICAL INSTITUTE 


JANELIA 
CONFERENCES 
FALL 2007 


“The Janelia Farm Research Campus is pleased 
to announce its second season of conferences. 
‘These small, intense conferences are intended 
to foster rapid scientific advances and collabo- 
rative interactions. All participants are expected 
to contribute to the intellectual content of 

the meetings. The Howard Hughes Medical 
Institute fully supports the Janelia Conferences— 
there are no registration, accommodation, or 
dining fees for participants. The conference 


organizers invite all participants, selecting, 
some from an open pool of applicants. 


Neural Circuit Reconstruction « September 23-26, 2007 
‘Onpanicer: Alexander Bot, Max Planck Institute of Neurobiology, 
Martinsried Desitry Chklowski,Janelia Fare HHMk; Winfiied 
‘Denk, Max Planck Institute for Medical Research, Heidelberg: Kristen 
Harris, University of Texas at Aust 

This meeting is orpuniced in collaboration with the Max Planck Sociery 


Expanding the Genetic Toolkit for Drosophie # October 7-\0, 2007 
Organizers: Hugo Ballen, Baylor College of Medicine/ HHML 

Suan Canker, Lawrence Berkeley National Laboratory: Lyin Cooley 
Yale School of Madisine: Liqun Luo, Stanford University/HML 
Gerald M. Rubin, Janel Farn/ HHMI 


Translation at the Synapse # October 2|-24, 2007 
Organizers: Mark F. Bear, Massachusetts Institute of Technology! 
HHMt; Kevin Mose, Janelia Farr HHMI: Kelsey C, Mart 
Univer of California, Las Angels: Erin M, Schuman, Californ 
Institute of Texhnology/HHML 


Fluorescent Proteins and Biological Sensors # October 28-3), 2007 
Organizers: Loren 1. Looget. Jancis Farm/HHML; Atsushi Miyawaki 

RIKEN; Ryohei Yaseda, Duke University Medical Center Jin Zhang, 
Johns Hopkins Univenity Schoo! of Medicine 


Inositide Signaling Symposium # Noverrtver 4-7, 2007 


Organizers: Erin. O'Shea, Haevard University/ HHMI; Joho York, 
Duke University Medical Center/HHMI 


Information: www.hhmi.org/janelia 
Application deadline: June |, 2007 


HHMI 
Janelia farm 


research campus 


ScienceCareers.o1 
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POSITIONS OPEN 


DEPARTMENT HEAD and PROFESSOR 
Environmental Health Science 
College of Public Health 
‘The University of Georgia 

The Department of Environmental Health Science, 
in the recently established College of Public Health 
at the University of Georgia (website: herp: /wow. 
uuga.edu/publichealth /ehs/) Athens, Georw, secks 
an established scholar to lead the Department. Can 
didates must have an eamed Doctorate, and achieve 
ment suicient to merit appointment 3s fll professor. 
Minimum qualifications indude (1) evidence of lead 
ership and likelihood of suceess in an academic 

tng; (2) demonstrated suecess in securing ester 

funding; (3) a willingness to foster ml 
isiplinary collaboration, and (4) interpersonal 
js to effectively interact with students, faculty, 
staff, and administrators, 

The Department supports an active rescarch peo: 
sgram and offers degrees atthe Rachelor's, Masters 
and doctoral levels. The successful candidate will be 
expected to provide vision and leadership for the 
continued growth and development of the Depart 
ment, There are substantial opporunities for 
Search collaborations with other programs, institutes, 
and centers, 

Screening of applications will begin immediately 
Tr be assured of fill consideration, application must 
bye received by April 30, 2007, Please send a letter 
indicating your rescarch interests, your administra 
tive and supervisory experience and philosophy. list 
DF Four references (references will be contacted oly 
with the applicant's knowlege) ant curiculum vitae 
to: Chair, Search Committee, Department of En: 
Vironmental Health Science/College of Public 
Health, 206 Environmental Health Science Build: 
ing, ‘The University of Georgia, Athens, GA 
30602-2102. 

‘The Univenity of Geonsr 
Afinative Aon Engl 


wv igual Opperman 


The Department of Pharmacology and Toxicol 
gy, School of Pharmacy, University of Kansas, i 
Feceuiting a tenure-track ASSISTANT PROFES- 

DR to begin as early a6 the fill of 2007. The 
successful applicant will teach pharmacology. to 
igeiduate students and pharmacy’ students, obtain 

Hand other extemal funding to support an active 
arch program in neuropharmacology (prcerably 
iin neurotransmitter receptor systems and signaling, 
twroadly defined), show evidence of ability to col 
laborate across departments and campuses, and 
provide service via select committee obligations. A 
Ph.D. in a biological or pharmaccutial science with 
postdoctoral experience in neuropharmacology. is 
required, Send curriculum vitae, esearch plan, and 
three letters of reference to: Naney Muma, Depart 
ment of Pharmacology and Toxicology, School 
‘of Pharmacy, University of Kansas, 1251 Wesooe 
Hall Drive, 5064 Malott Hall, Lawrence, KS 
66045, In addition, upon receipt of the materials, 
you will be sent instructions for completing. re 
{uired sections of the online Eaculky and Academic 
Staff Application Data Form, ‘The review of applica 
tions will begin March 1, 2007, and continue until 
the position is filled. Liga! Opportuniy/ABirmative 


Two POSTDOCTORAL ASSOCIATE po 
sitions are available immediately at the Scripps 
Research Institute to investigate drug development 


ial parasitic infection and the development of 
salar biological tools. to study pandemic sn: 
duals with a Ph.D. 

od 


fuenza. Highly motivated indi 


ogy are encour 
to apply. For the former position, experience wi 
C.clenansis required. Competitive slaty and benefit. 
packige commensurate with experience will be peo 
Vided! Interested candidates 

Ficulum vitac, a statement of rearch interests, and 
‘contact information for three references to: Kim D. 
Janda, Ph.D, Departments of Chemistry and Im. 
munology and Worm Institute for Recarch and 
Medicine (WIRM), The Scripps Research Intitute, 
10550 North Tomey Pines Road, BCC-582, La Jolla, 
(CA'92037; or by email: kdjanda@scripps.cdu. 
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CAREER OPPORTUNITY 

The Vercrans Airs San Diego Heatheare Sy 
sem i curently scking PHYSICIAN appicscons 
forthe Chet of Pathology and Laborscry Semi 
Ansan approximately 30 percent adn 
tre and sopertnory and 45 percene. dinsaland 

teaching, inthe Uniery of Calforaia San Diy 
School of Matic attic. Responses nce 
reat and crea of Gincal bborsory per 
frag 2.5 lic yr ally, onan paced 
cay oul cropubsiogy, peceniyeea, aia, 
Sil peered preter for cic ed oe 
torn pulley Sclromennysecoumesey Fr ec 
traning of roulette padate mea vcs 
tim program, coordination of teaching td poten 
‘are Conrencer and Kaerip to Departmen of 
tree 100 lle empeycen conrac cro 
Soa senting See spercizon of ea 
ine phyians amour adoatne/techeie 
povemedl, We ofr cxclenr educsion/ aching, 
Focach, wel cnscal peice opponenes i St 
incctacbouy colsberaive sting Acute sp 
poinement wah the afar wan expectation, Com 
frchemave benctts pacage’ Mant br US cinaen 
Rcurmenyrclocuton tcemic, maybe uh 
on Progam funding 
cou currculunn vitae and dirt 


585, ext. 7859, 
Vererins Afi San Dicgo Healthcare System’ 
3380" La Jolla Village Drive, San’ Dicgo, CA 
52161. fy Opyomty Empey 


RESEARCH EPIDEMIOLOGIST 
Lincoln Pak Zoo, in parmersip with the Ase 
ciation of Zoos and Aggertime an USDA. Arial 
dna Plane Heakh Injection Service, exis 
ZZoonor: Emerging Dacate Surcilance Cente at 
pam ofthe Davee Cer for Veterinary Ent 
and Endoctnlogy at Lincoln Prk on This 
proson wil be te PROGRAM COORDINA™ 
TOR for thi iiaive, Pama dyer mele (1) 
dorctpescer and memmgncre of casting and new 
famocaios of Zee aot Agusan (A 
surellance and monitoring prograns ( 
tava, West Sie vu TB) and (2) development 
oer AZA-baedcpemologil rcsarh in cm 
junction wih he Davee Comer misma sate 
Sipe Scenes mist 
ste! sbi to din, conc, an commen 
the rosa of rescarch and. applied propsams 
epider) dcmcnatrac a bee Undowsg 
Telogy ar edociology for colabostne pupers 
seccpenenic acento to Waee cone 
through sanagement of wid and captive populations, 
tau wing to panne in the Deportes 
team approach to comervation recur projet 
UM yoV Ay and 
or PhD in 
Sf depine 
Moreinfonmation able at webwite: hero 
Ipmoo.arg Sond resume, caps of cae Wann, 
2a kite ‘of intrest to” Human Resources De 
partment Lincoln Park Zoo, 2001 North Clark 
Stocco 0614. 


ENDOWED PROFESSORSHIP in 
PHYSIOLOGY EDUCATION 
Department of Physiology 
versity of Kentucky Medical Center 
http: //www.ane.uky.edu/physiology 
We seek an established authority in biomedical ed: 
ucation to fill the newly endowed Do 


DMD. 
accomplishment 
‘extramural finding in edu 


position at 3 rank appropmate to the applicant's 
career stage. The successfl candidate will promo 
evsting programs in professional, graduate, and 
‘dergraduate education and in science 

will timulste innovative cw initiatives 
‘bur cdicational misao. We ar p 

in applications from women, minon 
with disabilities. Quaid individuals are 
to forward curriculum sitac, a concise staten 
‘xlucational philosophy and rescarch interests, and the 
hams of three references to: Ms. Bonnie Emerich, 
Department of Physiology, University of Ken’ 
tucky Medical Center, 800 Rose Street, Room 
MS-508, Lexington, KY 40536-0298. Te ( 


fy of Kenyan Aire Aaion/Esual Oppernnty 
npn 
POSTDOCTORAL FELLOW/LEUKEMIA 


RESEARCH 
An excellent opportunity for career development 
with conversion tb a Junior Faculty ag 


AML/ETO, and TEL/AML proteins. A strong know! 
‘edge’ of hematopoicas and. molecular and cellular 
biology is required. Please scnd cuirnculum vitae and 
three reerenice names to: Andrew S. Kraft, MD. 

Director, Hollings Cancer Center, 86 Jonathan 
Lucas Street, P.O. Box 250955, Charleston, SC 
29425. E-mail: hecjobs@musc.cdu. Please refer 
‘ence ad 1005 


RESEARCH FELLOWSHIP 
‘Caniae Electrophysiology 
The University of Vermont College of Medicine i 
ing well qualified candlates for a rscarch Te 
lwp in cardiac clectrophysiology. The research 
willbe performed! in convert with the Univerity 
Cc Hestropiyalo.rouy at Heche Alen 
Hath Care The Cardiac Elcctophysiotogy group 
2 research-orkented_ group interewed in coord) 
tated asi ad clinkal research into the michan 

‘of cardiac arthythmas and the development of i 
Prone tools and eechrigues for interventional treat 
of cardiac artythimse. The ooup has experience 
clectrophywologic research. at the jon channel, 
isolated myoxytes, and whale organ level, There it 
fon with a world 

‘diss group, studying fntracellar calchim halt 
fat Heart lure” Applications ae encouraged from 
en with ther an MD or PhD, Pleas tl cc 
tum vita and thre references o: Peter 8. Sect 
MLD, McClure 1 Cardiology, 111 Colchester Ave 
‘isc, Burlington, VT OS401, telephone: BO2-H47 
43859, fax 802'847-8818, mall peterspector® 


this issue can be viewed online at website 


bntp/ few sciencecareers. org. 
meade ait rm 


Custom Peptide 10mg 90%: $19.59/aa 
‘AB Production $785 peptide included 
Gene Synthesis $1.20/p 
siRNA — 20nmol PAGE purified: $285 


POSTDOCTORAL POSITION swallabic a the 
Department of Urology, New York University 
School of Medicine to study bladder cancer, urinary 
tract infection, and Kidncy stones using biochemical 
land genetic tools. A Ph.D_and three years of strong 
research experience in general biology, biochem: 
istry, and molecular biology are required. Please 
‘e-mail cover letter, cumculurm sitac, and referee in 
Formation to e-mail xue-ru.seumed.nyu.ed for 


Oligo Labeling Reagents 


EBHOICAL Fluor’/Quasar" Amidites 
+ for 5° & Int. Modifications 


Standard and Specialty Amidites 
BIOSEARCH — +1.800.GENOME.1 
Pecunotois 


www sciencecareers.org 


Co-Editor A, Paul Atvsatos 
University of Caforia, Berkeley 


Co-Editor: Charles M. 
Marva University 


To view a sample issue 
of Nano Letters and lists 

of most-cited and most- 
accessed articles, go to 
http://pubs.acs.org/NanoLett 


Nano 


A 
pees "am Tractor, 


# 


notechnology with a 9.847 ISI" impact factor 


In the new category of nanoscience & nanotechnology, Nano Letters leads the way with a 
big ISI® impact factor of 9.847, as reported in the 2005 1SI® Journal Citation Reports 
The Journal received 13,040 citations, a 77% increase over 2004 


Nano Letters is a Rising Star 


Thomson Scientific® has named Nano Letters as a “Rising Star” journal in 10 out of 12 
periods in the past two years. “Rising Star” journals are those journals that achieved the 
highest percentage increase in total citations during the previous bimonthly period, out 
of all chemistry journals indexed by Thomson Scientific 


Most-cited articles published in 2005 from Nano Letters: 


Immunotar 
Loo, C.; Lowery, A.; Halas, Nz West, J.; Drezek, R 
Nano Lett; (Letter); 2005; 5(4); 709-711. DOK: 


for Integrated Cancer Imaging and Therapy 


10.1021/nl0501275 


Cytotoxicity of Colloidal CdSe and CdSe/ZnS N 
Kirchner, C.: Liedl, T.; Kudera, S.z Pellegrino, T.: Munoz Javier, A.: Gaub, H. E. 
Stolate, S.; Fertig, N.; Parak, W. J. 

Nano Lett; (Letter); 2005; 5(2); 331-338. DOI: 10.1021/nlo47996m 


Nanoscale Morphology of High-Performance Polymer Solar Cells 
Yang, X.: Loos, 3.: Veenstra, S. C.; Verhees, W. 3. H.: Wienk, M. M.: Kroon, J. M. 
Michels, M.A. J.: Janssen, R.A. J. 

Nano Lett: (Letter): 2005: 5(4): 579-583. DOI: 10.1021/nl0481201 

Gold Nanocages: Bioconjugation and 
Chen, J.: Saeki, F; Wiley, B. J.; Cang, H.; Cobb, M, 3.; Li, Z-¥.; Au, L 
Zhang, H.; Kimmey, M. B.; Li, X. D.: Xia, ¥ 

Nano Lett: (Letter): 2005; 5(3); 473-477. DOI: 10.1021/nl047950t 


ir Potential Use as Optical Imaging Contrast Ag 


ighty Mult ton Generation in Colloidal PbSe and PbS Quantum Dots 
Ellingson, R. J.; Beard, M. C.; Johnson, J. C.; Yu, P.z Micic, 0. 1.; Nozik, A. J. 

Shabaey, A.: Effas, A. L 

Nano Lett; (Letter); 2005; 5(5); 865-871. DOI: 10.1 


ACS = 
AuthorCholce ACS AuthorChoice is a new option for open access. 
ASS*"* For details go to http://pubs.acs.org/4authors/authorchoice 


es 


21/nl0502672 


JOIN THE ACS*CYCLE OF EXCELLENCE ACS PUBLICATIONS 


HIGH QUALITY. HIGH IMPACT. 
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Sensitive and sensible, BioSource™ ELISA Kits deliver relevant data from as little as 50 ll. 
Or fewer than 10,000 cells if you're working with phosphoELISA™ Kits. We offer a wide range of ELISA and 
phosphoELISA™ Kits for measuring cytokines and phosphorylated proteins — with the exacting sensitivity and 
reproducibility you need. And faster incubation times. What are you waiting for? See how far your sample can 


go with BioSource™ ELISA Kits at www.invitrogen.com/elisa. ~ 5 
einvitrogen” 
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